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CHAPTER 1 
 
INTRODUCTION, PROBLEM STATEMENT AND OUTLINE OF RESEARCH 
PROJECT 
 
 
1.1 INTRODUCTION 
 
During the last 50 years Japanese companies have become the benchmark for 
competitors across the world in the area of manufacturing excellence. This has 
largely been accredited to the adoption of the methodology known as lean 
manufacturing by Japanese firms across all industries. Today, companies all over 
the world are implementing adaptations of lean, customised to suit their own unique 
operational requirements, but at the same time retaining the core principles that 
made the philosophy such a revolutionary phenomenon (Black, 1994:26). 
 
Lean production, as it was first dubbed by Womack, Jones and Roos (1990:4) in 
their seminal work titled „The machine that changed the world‟, is the generic 
successor to the pioneering methodology known as Toyota Production Systems 
(TPS). TPS was developed between 1948 and 1975 by Taiichi Ohno, Shigeo Shingo 
and Eiji Toyoda of Toyota Motors in Japan. In the aftermath of World War II, capital 
and other resources were not as readily available as is the case today (Nicholas, J & 
Soni, A, 2006:293). This forced Toyota, like most other companies during that time, 
to look for ways of reducing their capital requirements. It was for this reason that 
inventory became a central issue in the development of the TPS methodology. 
 
In addition to unacceptably high levels of inventory, another major criticism of the 
mass production system, developed by Henry Ford and widely used at that time, was 
its inflexibility to changes in the external environment. Fluctuations in volume, 
changes in product mix, and the introduction of new products were extremely 
inefficiently handled by the mass production system.  
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The developers of TPS recognised the inadequacy of such an inflexible system to 
meet ever increasingly-complex customer demands. With these issues in mind they 
developed a system which delivered significant improvements from the status quo. 
Some of the improvements, as cited by Voss (1987: Preface), included: 
 Work in process (WIP) reduction, 
 Increased flexibility, 
 Raw materials/ parts reduction, 
 Increased quality, 
 Increased productivity, 
 Reduced space requirements, and 
 Lower overheads. 
 
The overriding objective of lean was the elimination of all forms of waste in the 
pursuit of a single-piece-flow manufacturing environment. The spin-offs of achieving 
this objective were, primarily, reduced costs and increased quality (Monden, 1998:1). 
 
 
1.2 MAIN PROBLEM 
 
From a purely financial viewpoint, and with the above-mentioned cost reduction 
opportunities offered by lean in mind, it follows that the lean tools which will generate 
the highest monetary returns should be implemented first in order to maximise the 
positive effects of implementing lean.  
 
If a lean tool, for example, offers a potential cost reduction of 80%, but its monetary 
value only equates to 10% of total operational costs (thus a potential 8% reduction in 
total operational costs), a tool which offers only 50% cost reduction but equates to 
20% of operational costs (thus a potential 10% reduction in total operational costs) 
should receive precedence in terms of implementation. 
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The cost benefits offered by lean manufacturing are undisputable; the relative 
monetary impact of each lean tool is, however, not as apparent. Sources generally 
quote lean improvements in percentage savings achieved only, or in units of time, 
but not the monetary ranking thereof (Schonberger, 1982:20; Monden, 1998:330; 
Liker, 1998:30). This tendency can be attributed to two possible reasons: 
 A reluctance on the part of companies to reveal information related to their 
cost structures (Womack et al., 1990:282), 
 Each company‟s cost structure is unique, making comparison of monetary 
values worthless unless they are put into context, i.e. if the percentage saving 
that it represents is stated. 
 
Consideration of these factors leads to the identification of the main research 
problem. 
 
MAIN RESEARCH PROBLEM: 
What is the anticipated relative financial impact of the implementation of each of the 
tools of lean manufacturing on a company‟s operational costs? 
 
This study will, therefore, focus on developing a commonly applicable model for 
establishing the anticipated relative financial impact of each lean manufacturing 
tool‟s implementation, based on the subject company‟s cost structure. 
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1.3 SUB-PROBLEMS 
 
Consideration of the main problem allows for the identification of the following sub-
problems: 
 
SUB-PROBLEM ONE: 
What are the tools employed by the lean manufacturing methodology? 
 
SUB-PROBLEM TWO: 
What are the experienced percentage cost reductions achieved through each of 
these tools, as per documented cases, and which operational cost aspects (OCA’s) 
are affected through their implementation? 
 
SUB-PROBLEM THREE: 
What, according to management accounting theory and lean accounting practice, 
are the components of these OCA‟s, and how can each of their costs be quantified? 
 
SUB-PROBLEM FOUR: 
How can the answers obtained from the above be used to develop a commonly 
applicable model for assessing the anticipated relative financial impact of 
implementing each of the tools of lean manufacturing on a manufacturing company‟s 
operational costs? 
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1.4 DELIMITATION OF THE RESEARCH 
 
Demarcating the research serves the purpose of making the research topic 
manageable from a research point of view. The omission of certain topics does not 
imply that there is no need to research them. 
 
1.4.1 Company profile 
 
1.4.1.1 Manufacturing concern 
This study will focus solely on the impact of lean implementation on manufacturing 
companies. Although sufficient evidence exists to confirm that lean is equally as 
applicable to service companies, the following differentiating factors sets these two 
organization types apart:  
 The implementation of lean affects a different set of aspects for service 
companies than is the case for manufacturing companies.  
 Since different aspects will be affected, it means that a different model for 
lean impact assessment will be generated for service companies. 
 
Although this study will, therefore, not attempt to generate a model applicable to 
service companies, the methodology employed is fully adaptable towards developing 
such a model. 
 
1.4.1.2 Manufacturing environment 
Pieterse (2007:13) points out that lean manufacturing is not suited to the following 
manufacturing environments: 
 the manufacture of high-volume, repetitive parts; in such a case mass 
production is more suitable, 
 the manufacture of low-volume items or unique orders, that is, basically any 
item for which no stable demand exists, 
 highly complex products with lengthy manufacturing routes. 
 
Companies that display these characteristics will therefore not benefit from this 
study. 
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1.4.1.3 Stage of lean implementation 
The data which will be gathered to determine the percentage cost reductions 
achieved through each of the lean tools will reflect a before-and-after situation, in 
other words, the case studies consulted will pertain to companies which were not 
practising lean principles before.  
 
Irrespective of this fact, though, companies at all stages of lean implementation will 
benefit from the results of the assessment model. This is due to the fact that, for 
companies who have implemented some of the tools, their operational costs will 
already reflect the impact thereof, thus affording them a lower potential further cost 
reduction in that area. The ranking of the lean tools will, in other words, also be 
affected by the level of implementation of each tool. 
 
Companies that have not yet started lean implementation do, however, stand to gain 
most from the assessment model, since they will be able to establish up front which 
tools will render the biggest financial benefit. Such companies will therefore avoid 
expending time and resources on less beneficial lean tools before having already 
implemented all of the more financially beneficial tools in their lean tool box. 
 
1.4.2 Corporate strategy 
 
Companies employ any one of the following corporate strategies:  
 Low-cost strategy: the aim of such companies is to be the lowest-cost 
manufacturer/ supplier of a product/ service. 
 High quality: such companies aim to produce/ provide a superior quality 
product/ service. 
 Differentiation: companies that employ this strategy generally target niche 
markets, delivering a unique product/ service. 
 
A company‟s corporate strategy will always be the source from which marketing, 
operational, financial, information and other strategies flow. The information 
emanating from this study will be useful for operational strategy formulation which, in 
turn, will be developed in line with the company‟s corporate strategy.  
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However, Liker (1998:5) states that, since lean offers the dual benefit of increased 
quality and reduced costs, competitors today are forced to compete on both these 
aspects - quality and cost. This fact makes the results generated through this study 
relevant to all companies, irrespective of the corporate strategy employed.  
 
1.4.3 Management level 
 
This study is aimed at two office holders in a company: 
 
1.4.3.1 Management accountant  
The management accountant will, in consultation with the various manufacturing 
functional managers, be responsible for the calculation of the monetary value of 
each of the OCA‟s affected by lean implementation. He/she will be responsible for 
calculating the results of the assessment model, i.e. the ranking of the lean tools. 
 
1.4.3.2 Operations manager 
The senior manager in charge of operations, i.e. the incumbent overseeing all 
operational aspects including production, quality assurance, engineering services, 
and logistics, will be responsible for coordinating the company-wide implementation 
of lean. 
 
Since the tools of lean manufacturing are spread across all of these functional areas 
(for example, supplier involvement will be employed by purchasing, total productive 
maintenance by maintenance and single minute exchange of dies by production), the 
operations manager will be responsible for ensuring a well coordinated 
implementation. 
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1.5 DEFINITION OF KEY CONCEPTS 
 
1.5.1 Lean production 
 
The term lean manufacturing, or lean, is most often used to describe the 
methodology which employs a systematic approach to the continuous pursuit of 
perfection in identifying and eliminating non-value adding activities by manufacturing 
and supplying the product at the rate of customer demand. 
 
Apart from still often being referred to as TPS, a number of other terms are also used 
interchangeably with lean. These include just-in-time (JIT); pull JIT, and world class 
manufacturing. All of these terms are taken to refer to the same basic methodology 
as defined above, and are therefore used interchangeably with lean in this study. 
 
1.5.2 Operational costs 
 
Operational costs are all costs incurred by manufacturing companies to produce, 
market and sell their products. A distinction is generally made between product costs 
and period costs (Garrison & Noreen, 2003:42). 
 
Product costs are costs that are deemed to be incurred only if goods are produced. 
These include material, labour and the portion of overhead costs that vary with 
production, for example electricity, consumables, and spare parts, to mention a few. 
The terms variable costs and manufacturing costs are used interchangeably with 
product costs. 
 
Period costs, or fixed costs, are costs that are deemed to not be directly associated 
with the manufacture of a product, but are incurred in support thereof. Examples 
include production managers‟ and sales personnel salaries, depreciation on 
buildings and equipment, and the cost of support departments such as industrial 
engineering and maintenance. 
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Although it does not form part of the manufacturing costs as defined, the cost of 
carrying excessive amounts of inventory was a critical aspect in the development of 
TPS. For the purpose of this study, inventory carrying costs will therefore be included 
in the term operational costs. When referring to OCA’s, inventory carrying costs will 
also be included as one of those aspects.  
 
1.5.3 Tools 
 
Merriam-Webster (www.merrriam-webster.com: 13/09/2010) defines a tool, among 
others, simply as a means to an end. This is the most accurate definition in the 
context of this study on lean manufacturing. 
 
A tool is anything that can be applied towards achieving the objectives of lean, being 
one-piece flow, elimination of waste, the reduction of costs, and improved quality.   
 
1.5.4 Techniques 
 
Merriam-Webster (www.merrriam-webster.com: 13/09/2010) defines a technique as 
a method of achieving a desired aim. In the context of this study on lean 
manufacturing, and with reference to the definition of lean tools in the previous 
section, a technique would therefore be a specific way in which a lean tool is applied. 
 
1.5.5 Methodology 
 
The Free Dictionary (www.thefreedictionary.com, 13/09/2010) defines the term 
methodology, firstly, as a body of practices, procedures, and rules used by those 
who work in a discipline or engage in an enquiry, and secondly, simply as a set of 
working methods. The lean manufacturing methodology can therefore be defined as 
the collection of tools and techniques which make up the manufacturing system. The 
importance of the distinction between the concepts methodology, tools, and 
techniques will become clear in chapter 2. 
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1.6 REASONS FOR AND SIGNIFICANCE OF THE RESEARCH 
 
Lean manufacturing has seen its creators, Toyota, rise from insignificance in the 
middle of the previous century, to the biggest selling car manufacturer in the world 
today. Another Japanese car manufacturer, Honda, which has also been practising 
the principles of lean avidly during the last few decades, has also made huge strides 
towards becoming a dominant force in the car market. 
 
These Japanese companies‟ adoption of lean has seen many of their mass 
producing United States (US) and European counterparts struggle for survival. 
Maynard (2003:10) predicted that by the end of the decade, at least one of the „Big 
Three‟ auto makers in the US – Chrysler, Ford, and General Motors (GM) – would be 
forced to undertake significant restructuring to continue in operation. At the time of 
this writing all indications are that this prediction will come true. GM is in the process 
of major shareholding restructuring in an attempt to keep the company afloat, having 
run up insurmountable debts in the face of the current global economic downturn.  
 
Adopting the lean methodology has become a matter of necessity. The continued 
use of mass production methods alone is no longer viable; companies need to also 
employ lean methods intelligently in order to remain competitive. This study is 
regarded as a crucial endeavour to assist operations managers of manufacturing 
concerns in developing lean implementation strategies which will maximise the 
benefits to the organisation. 
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1.7 RESEARCH DESIGN AND METHODOLOGY 
 
1.7.1 Research design 
 
All research can be grouped under two main approaches, as described by Cavana, 
Delahaye & Sekaran (2001:34): 
 Quantitative – promotes precise quantitative data and values exact statistical 
measurement, analysis and verifiability. 
 Qualitative – advocates the belief that reality is subjective and value-laden, 
the meaning of which is captured and discovered as the researcher becomes 
immersed in the study. 
 
The characteristics distinguishing these two approaches from each other are 
described in the following comparative table:  
 
 
 
Figure 1.1 (Source: Leedy (1997:106)) 
Question Quantitative Qualitative
What is the purpose To explain and predict To decribe and explain
of the research? To confirm and validate To explore and interpret
To test theory To build theory
Outcome-oriented Process-oriented
What is the nature Focused Holistic
of the research? Known variables Unknown variables
Established guidelines Flexible guidelines
Static design Emergent design
Context-free Context-bound
Detached view Personal view
What are the methods Representative, large sample Informative, small sample
of data collection? Standardized instruments Observations, interviews
What is the form of reasoning Deductive analysis Inductive analysis
used in analysis?
How are the findings Numbers Words
communicated? Statistics, aggregated data Narratives, individual quotes
Formal voice,scientific style Personal voice, literary style
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This study conforms to the characteristics of quantitative analysis, based on the 
following aspects: 
 The purpose of the study – it seeks to explain and predict the outcome of the 
implementation of lean at a manufacturing concern. 
 The nature of the study – most notably, the variables are known, namely the 
percentage impact of each lean tool on operational costs, and the composition 
of a company‟s operational costs. 
 Method of data collection – a historical survey of a large sample of available 
secondary data will be performed in order to establish mean values for each 
lean tool and also to test for the reliability of the results. 
 Form of reasoning – a deductive analysis will be followed. The basic premise 
is that the percentage cost reductions achieved by the companies included in 
the research sample will also be achieved by organisations employing the 
assessment model. 
 Communication of findings – the results of the study will be presented through 
a combination of figures, percentages, and statistical analyses of data. 
 
1.7.2 Research methodology 
 
The following steps will be followed to solve the main research problem: 
 The main tools underpinning the lean manufacturing methodology will be 
established through consulting existing literature on the topic. 
 A statistical analysis of secondary data collected through a historical survey 
will be performed to establish the experienced percentage impact of each lean 
tool‟s implementation on manufacturing companies‟ operational costs. 
 A review of management accounting theory and lean accounting practise will 
be done to establish definitions and guidelines for the categorisation and 
aggregation of OCA‟s, as defined by the aspects affected by lean tool 
implementations. 
 The results obtained from the above will be used to develop a model for 
assessing the anticipated relative financial impact of implementing each lean 
tool on a manufacturing concern.  
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1.8 OUTLINE OF THE THESIS 
 
The study will include the following chapters: 
Chapter 1  Introduction, problem statement and outline of research project 
Chapter 2  Literature review to delineate the tools of lean manufacturing 
Chapter 3  Discussion of the research methodology employed 
Chapter 4  Analysis and interpretation of historical survey results 
Chapter 5 Literature review of guidelines for quantifying the operational cost 
aspects affected by lean implementation  
Chapter 6 Presentation of the lean impact assessment model (LIAM), conclusion 
and recommendations 
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CHAPTER 2 
 
THE TOOLS OF LEAN MANUFACTURING 
 
 
2.1 INTRODUCTION 
 
The objective of this chapter is to establish what tools are included when referring to 
the lean manufacturing methodology. It will become apparent that some disparity 
exists among writers regarding the exact composition of lean manufacturing and its 
associated tools. 
 
Firstly it is important to distinguish between lean tools, techniques and the lean 
philosophy. The distinction between lean tools and techniques was defined in 
chapter 1, but to reiterate, lean tools are the means through which the objectives of 
lean are achieved, whereas lean techniques are the specific methods used for 
applying each tool. As defined in chapter 1, the combination of lean tools and 
techniques are encapsulated in the lean methodology. 
 
The difference between the lean methodology and philosophy will be discussed 
briefly in the next section in order to clarify this distinction. The interconnected nature 
of these two aspects, lean and its underlying philosophy, will also be highlighted.  
 
The chapter will be concluded with a discussion of each of the lean tools and their 
associated techniques. 
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2.2 METHODOLOGY VERSUS PHILOSOPHY 
 
It is important to emphasise a distinction between the two key aspects of Toyota‟s 
success which are cited by Liker (2004:27) as the combined reason for the 
company‟s rise to prominence in the automotive market. They are: 
 The company‟s unique management philosophy, which has been termed the 
„Toyota Way‟ – a set of fourteen principles which underlie the lean 
methodology, and 
 The Toyota Production System, the company‟s manufacturing methodology. 
 
The former contains the business principles that permeate everything the company 
does, i.e. its core values. Liker (2004:6) identifies fourteen principles: 
 Base management decisions on a long-term philosophy, even at the expense 
of short-term financial goals 
 Use only reliable, thoroughly tested technology 
 Use visual control so no problems are hidden 
 Standardise tasks for continuous improvement 
 Stop when there is a quality problem 
 Level out the workload 
 Use pull systems to avoid overproduction 
 Create process “flow” to surface problems 
 Respect, challenge, and help your suppliers 
 Respect, develop, and challenge your people and teams 
 Grow leaders who live the philosophy 
 Make decisions slowly by consensus, thoroughly considering all options; 
implement rapidly 
 Go see for yourself to thoroughly understand the situation 
 Continual organizational learning through kaizen 
 
TPS, on the other hand, is Toyota‟s manufacturing methodology which defines rules, 
tools and techniques to be applied continuously in the manufacture of its products. It 
describes the how, what, where, and when of each operational aspect.  
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Notwithstanding the clear distinction between these two aspects, they are at the 
same time closely interconnected. Liker (2004:36) emphasises that companies need 
to understand the lean philosophy and culture in order to successfully implement the 
methodology. Further, most of the lean tools can be directly linked to at least one of 
the fourteen Toyota Way principles. 5S, for example, can be directly linked to the 
third principle mentioned above: using visual control to highlight problems. Two other 
tools, standardised work and kaizen, can be directly linked to the fourth principle: 
standardising tasks for continuous improvement. 
 
For the purpose of this study, though, it is the distinction between, more than the 
interconnectedness of, the lean methodology and philosophy that needs to be 
emphasised. 
 
 
2.3 LEAN MANUFACTURING CHARACTERISTICS 
 
An initial review of some of the most popular texts (Womack and Jones, 2003; 
Monden, 1998; Liker, 2004; Schonberger, 1982; and Shingo, 1989) on the topic 
reveals varied combinations of, mostly, common tools and techniques; with some 
exceptions. This observation is confirmed by Pettersen (2009:129), who discusses 
these similarities and disparities found in selected seminal works by some of the 
most regarded academia and practitioners in the field of lean. The same writer goes 
on to rank and plot the frequency of occurrence of all the tools and techniques 
mentioned in the selected texts (Figure 2.1). 
 
Pettersen‟s finding is that these variations in the stated characteristics of lean could 
easily cause confusion for companies when attempting to implement the system. 
They should be aware of the existence of these variations and be proactive in their 
selection of principles, tools and techniques when developing their customised lean 
solution (2009:127). This study is therefore conducted upon the premise that this 
proactive process of careful selection of appropriate lean principles, tools and 
techniques will be followed by companies wishing to use this assessment model in 
order to develop the most effective lean implementation strategy. A discussion of this 
selection process falls outside the scope of this study. 
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Figure 2.1 (Source: Pettersen (2009:127)) 
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Based on the distinctions between the lean philosophy, tools, and techniques 
respectively, Liker‟s „Toyota Way‟ principles can be combined with Pettersen‟s list of 
lean characteristics as illustrated in Figure 2.2 below. 
 
‘Toyota Way’ Principles (Liker) Lean Tools/ - Techniques (Pettersen) 
Use pull systems to avoid overproduction Kanban/pull system 
 
 - Just in time production 
 
 - Small lot production 
Level the workload Production leveling (Heijunka) 
 
 - Takted production 
Create process “flow” to surface problems Setup time reduction 
 
TPM/preventive maintenance 
 
Cellular manufacturing 
 
 - Layout adjustments 
 
 - Process synchronization 
 
 - Education/cross training (OJT) 
 
 - Multi-manning 
 
 - Work force reduction 
 
 - Inventory reduction 
Use only reliable, thoroughly tested technology Autonomation (Jidoka) 
 
 - Poka yoke 
 
 - 100% inspection 
Standardise tasks for continuous improvement Standardised work 
 
 - Time/work studies 
Continual learning through kaizen Kaizen/continuous improvement 
 
 - Statistical quality control (SQC) 
 
 - Root cause analysis (5 why) 
 
 - Value stream mapping/flowcharting 
 
 - Waste elimination 
Respect, develop and challenge your people and teams Employee involvement 
 
 - Policy deployment (Hoshin kanri) 
 
 - Improvement circles 
 
Teamwork 
Visual control and management Visual control and management 
 
 - 5S/housekeeping 
 
 - Andon 
Respect, develop and help your suppliers Supplier involvement 
 
 - Lead time reduction 
   
  Figure 2.2  
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In order to ensure that all companies enjoy full use of the assessment model, the 
study will cover all of the lean tools as identified from Pettersen‟s article. Companies 
will be able to measure the effect of any of Pettersen‟s lean tools on the aspects of 
manufacturing affected by those tools. A discussion of these tools and their 
associated techniques follows. 
 
 
2.4 THE TOOLS OF LEAN MANUFACTURING 
 
2.4.1 Kanban 
 
Kanban can be described as a mechanism for coordinating the flow of parts within a 
supply system on a day-to-day basis (Womack, Jones & Roos, 1990:62). It is the 
physical object that underpins the concept of JIT, which is the single biggest 
difference between lean and mass production.  
 
Kanban is a Japanese word meaning „card‟ or „signal‟. A kanban card signals an 
instruction for a standard quantity of parts to be produced; they are issued at the rate 
of downstream consumption of parts (Pieterse, 2007: 18). This ensures that no parts 
are produced unless, and until exactly the point in time when, they are required by 
the following process. 
 
Various types of kanban have been developed over the years to serve different 
situations. They include: 
 One card kanban – Appropriate when two processes are always in sequence; 
in this case the kanbans will be attached to the containers which circulate 
between the two processes so that the containers itself act as the signal to 
produce more parts (Pieterse, 2007:18), 
 Dual kanban – This is the system used by Toyota. One card will serve as an 
instruction to deliver more parts, and a second card as an instruction to 
produce more parts (Voss, 1987:59), 
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  Cardless kanban- In some cases, mostly where the use of containers is not 
appropriate, a demarcated area (painted or taped) on the floor or on a shelf, 
only big enough to hold a certain quantity of product, is used to control the 
flow of parts (Nicholas & Soni, 2006:108). 
 eKanban – This allows for the manual or automatic optical scanning of 
kanban cards containing barcodes for the parts in question. The scanned 
information is sent to the preceding process electronically for a replenishment 
order (Nicholas & Soni, 2006:108). 
 In-process kanban (IPK) – Probably the most critical of all types, an IPK helps 
to smooth out minor imbalances on a line by indicating when production of the 
next single unit should commence. It further serves to ensure that the correct 
sequence of product mix is maintained. Finally, and most importantly, it aids 
the coordination of flexed production lines by continuously indicating to 
operators which workstation to attend to in order to keep products flowing 
smoothly (Hobbs, 2004:137). 
 
The number of kanbans required per product is calculated mathematically by taking 
the following variables into account: 
 Replenishment quantity – the demand between production runs. 
 Lead time quantity – the demand during manufacturing lead time. 
 Container size – in number of units. 
 
Number of kanbans  = 
 
 
The result of this formula is rounded up to the next whole number, for example 4.1 
will become 5. If the result of the formula is a whole number, then 1 will be added to 
the answer. The aim of this is to build a percentage safety stock into the WIP to allow 
for some variability in times. 
 
Replenishment quantity + lead time quantity 
 
 
Container quantity 
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It is clear from the above calculation that the correct application of the kanban 
method of inventory control does not allow for any excess WIP to accumulate; only 
the exact quantity required to meet immediate short-term demand is produced 
exactly when it is needed. To qualify this statement though, the exact nature of this 
immediate short-term demand needs to be discussed. This entails the consideration 
of a second lean tool, namely load-leveling, or heijunka. A discussion of load-leveling 
follows. 
 
2.4.2 Workload leveling (Heijunka) 
 
Liker (1998:52) defines heijunka as the technique of leveling daily production both in 
terms of volume and product variety. The aim is to create a consistent daily flow of 
the entire product mix in the ratio required to satisfy customer demand. 
 
Therefore, instead of producing the entire month‟s demand for a product in a single 
or a few batches, the demand is leveled out over the entire month and produced in 
smaller lots, sufficient for daily demand. This immediately creates a consistent 
activity and stock level on the production floor, with no extreme day-to-day variation 
in terms of the volume of production and inherent inventory levels. 
   
Heijunka runs counter to conventional wisdom, as embodied in the Material 
Requirements Planning (MRP) approach, which says that the production of large 
batches, in line with short- to medium-term demand, yields superior economic 
rewards (Rich, Bateman, Esain, Massey & Samuel, 2006:122). It affirms that the 
setup- and related cost savings attained through the running of large batches is more 
than offset by stock piles created at bottleneck operations or in the finished goods 
warehouse, or both. 
 
The effectiveness of heijunka is achieved through the sequence in which the finished 
goods store collects finished products from the production floor, and the frequency of 
such collections. This creates signals throughout the factory to replenish stocks in a 
frequent and sequenced manner. 
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Pieterse (2007:28) highlights a practical implementation issue which companies 
address in order to maximise the benefits of the heijunka practice: in the case where 
companies already own high-end equipment with superior output capabilities, such 
machinery is usually dedicated to producing the highest-volume products only, which 
not only ensures that such products are always produced at the highest run speed 
possible, but it also negates the need for frequent setups. Smaller, more versatile 
machines are utilised in the production of the balance of the product mix for the 
operation in question. 
 
A shift in demand requires an adjustment in the required rate of output and the 
amount of resources allocated. Takted production is the technique used to achieve 
this objective. 
 
The first step of the process involves determining how many operators are required 
to meet the production demand. This involves a sequence of steps: 
 Determining the rate at which products must come off the production line in 
order to meet demand; also called takt time – a German word meaning 
„rhythm‟ or „meter‟ (Liker, 2004:94). If, for example, the demand for a product 
is 250 pieces per month and the available time on the production line is 500 
minutes per month, then it means that a finished product must come off the 
production line at a rate of one every two minutes (1000 pcs/500 min). 
 Once the takt time is known, the cycle time must be calculated. The cycle time 
is the sum of the standard times for all the operations required to manufacture 
the product, which includes both value-added and non-value added 
operations. 
 Based on the results from the takt time and cycle time calculations, the 
number of operators required can be calculated by diving the cycle time by 
the takt time. For example, if the cycle time was calculated as 5 minutes, the 
number of operators required would be two and a half, or 5 minute cycle 
time/2 minute takt time. Since one cannot have half an operator, the answer 
will be rounded up to three operators. 
 
Finally, once the number of operators required is known, the operations are divided 
as equally as practically possible among them in such a manner that each operator 
would take the same amount of time to complete his/her allocated tasks, or 
standardised work. This will be discussed in Section 2.4.7. 
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It is clear how the tools of kanban and heijunka have the ability to drastically reduce 
inventories. Flexibility and responsiveness in operations is, however, required to 
ensure their effectiveness. In this regard, quick setups and changeovers play a 
critical role. A discussion of this topic follows. 
   
2.4.3 Single Minute Exchange of Dies (SMED) 
 
SMED is a series of techniques employed to achieve machinery changeovers in less 
than ten minutes (Womack & Jones, 2003:352). The objective of SMED is, firstly, to 
reduce lot sizes per production run. If a machine setup takes less than ten minutes 
there is no need to produce excessive quantities of a product during a single 
production run. Secondly, it also aims to increase the flexibility of the shop floor in 
order to be able to react quickly to changes in customer demand. This will avoid or 
significantly reduce potential out-of-stock situations from occurring. 
 
SMED refers to a single minute and Womack and Jones‟ definition above talks of 
less than ten minutes, but ultimately all terms and definitions referring to this lean 
tool allude to the ongoing pursuit of achieving setups in the shortest possible time. In 
some industries the complexity of setups could make achieving the single minute or 
less-than-ten-minutes time frame practically impossible, yet the time reductions 
achieved in such industries by utlising the SMED techniques are no less significant 
(Nicholas & Soni, 2006:142).    
 
The process of achieving reductions in setup times starts with analysing the current 
situation. Hay (1988:61) propagates recording the current process on video. This 
allows one to continuously refer back for thorough analysis and identifying 
improvement opportunities.  
 
The second step of the process involves analysing the current situation (if a video 
recording was made, the recording is played and analysed). According to Hay 
(1988:64) the following types of activities are identified: 
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 Internal-external – An internal activity is any activity that must be performed 
while the equipment is stopped; an external activity, on the other hand, is an 
activity that can in fact be performed while the equipment is running.  
 Adjustments – Adjustments are the changes to machine settings, machine 
tool positioning, and other alterations necessary to produce the first good 
parts after a changeover.  
 Clamping – An analysis of the amount and type of clamping done during a 
setup reveals opportunities for reducing clamping using threaded bolts and 
nuts, which require excessive tightening time and use of tools.  
 
The third and final step is to improve all of these activities: 
 Internal-external – The aim is to reduce the machine‟s down-time during the 
setup to a minimum by allowing for as many activities as possible to be 
performed while the equipment is running, i.e. converting internal activities to 
external activities. 
 Adjustments - The aim is to reduce adjustments to a minimum. This is 
achieved by, for example, recalling previously saved machine settings (for 
programmable equipment), or pre-marking machine tool clamping positions, 
to mention a few. 
 Clamping – Threaded bolts and nuts are replaced with more efficient, and 
equally as effective, clamping hardware such as levers, wing nuts, and cam-
action clamps, to mention a few. 
 Problems – Any other obstacles to performing perfect setups are identified 
and addressed using problem-solving techniques such as 5-Why (to be 
discussed in Section 2.4.8). 
 
The pro-active involvement of maintenance staff in the modification and redesign of 
equipment to facilitate quicker setups is a critical aspect of its success. This function 
is one of the many changing roles of maintenance staff in a lean environment. A full 
discussion of the lean approach to equipment maintenance follows. 
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2.4.4 Total Productive Maintenance (TPM) 
 
TPM is a program of ongoing equipment maintenance, redesign and renovation, and 
employee skills training to maintain same; to make it function better than when it was 
new (Nicholas & Soni, 2006:310).  
 
The importance of maintaining the performance of equipment is highlighted by 
Okamoto (1989:97), who points to the fact that machines are playing an increasingly 
important role in the efficiency of a manufacturing company. Whereas a few decades 
ago companies were fully focused on optimizing the efficiency of their workforce, the 
greater dependency on machinery has compelled companies to similarly seek to 
optimise the efficiency of its machinery. 
 
The central principle of TPM is that the maintenance of equipment is everyone‟s 
responsibility, from management through maintenance staff to operators. Operators 
are in the best position to continuously observe the behavior of equipment while in 
operation. Apart from observing, recording, analyzing and ultimately sharing such 
information with maintenance staff in the event of breakdowns, their responsibility 
also includes keeping machinery clean and performing some of the preventive 
maintenance (PM) tasks, e.g. lubrication of moving parts.  
 
The role of maintenance staff covers the balance of PM functions, attending to 
breakdowns, as well as corrective maintenance – redesigning of equipment to 
prevent or reduce future failures and to allow for easier maintenance (Okamoto, 
1989:98). 
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The goal of TPM is to minimise equipment downtime. Its‟ effectiveness is measured 
through the Overall Equipment Effectiveness (OEE) factor. OEE measures the 
impact of downtime losses related to three aspects of production, namely: 
 Availability - measures the impact of downtime losses attributable to setups 
and equipment failure. 
 Performance - measures the impact of speed losses attributable to running 
speed reductions and minor stoppages. 
 Quality rate - measures the impact of defect losses attributable to equipment 
malfunction and reduced yield during start-ups (Muchiri & Pintelon, 
2008:3520). 
 
OEE = Availability x Efficiency x Quality   
 
The first step in the implementation of TPM is to develop PM schedules for all 
equipment. These are divided between daily schedules for operators, and monthly, 
quarterly, and annual schedules for maintenance staff. The implementation of these 
PM schedules brings about an immediate and significant decrease in equipment 
breakdowns which, in turn, frees up considerable time for maintenance staff to focus 
on equipment restoration and redesign. 
 
This machine redesign function is encapsulated with other equipment enhancement 
aspects in another lean tool: autonomation (jidoka). A detailed discussion of 
autonomation follows. 
 
2.4.5 Autonomation (Jidoka) 
 
Monden (1998:5) defines autonomation simply as autonomous defects control, 
whereby machines are equipped with the functionality to either prevent defects or 
detect same before they are passed on to and disrupt the following process. The 
same writer views autonomation, together with JIT, as a pillar of the TPS system. 
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These defect detection functionalities built into equipment are called poka-yokes. 
Pieterse (2007:136) describes a poka-yoke as a device or activity built into a process 
or machine to prevent wrong actions from occurring. Manivannan (2007:19) agrees 
that this is the primary function of poka-yokes, but further states that if defect 
prevention is not possible, poka-yokes serve the secondary purpose of detecting 
such defects when they occur.  
 
The most common causes of errors, according to (Nicholas & Soni, 2006:227), are: 
 Missed steps or parts 
 Parts incorrectly fitted 
 Incorrect parts fitted 
 Faulty machine setup and/or operation 
 Inadequate tools to perform the job correctly. 
 
The meaning of the Japanese term poka-yoke is error-proofing; these terms are 
used interchangeably. Poka-yokes take on various forms; they can be mechanical, 
electrical, or physical mechanisms, to mention a few. Shingo (1989:21) propagates 
that poka-yokes achieves the objective of 100 percent inspection by fulfilling the two 
functions discussed below under separate headings. 
 
2.4.5.1 Detection 
Defects are detected by checking: 
 Whether contact is made between the product itself and specific contact areas 
on the machine, which is called the contact method. This method is usually 
used for checking dimensional aspects of a product. 
 Whether a specific number of actions have been carried out, termed the fixed-
value method. 
 Whether the prescribed steps of a procedure have been carried out, named 
the motion-step method. 
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2.4.5.2 Regulating 
Once a defect is detected, poka-yokes are designed to either shut down the machine 
completely, called control type poka-yokes, or merely signal that a defect was 
detected without stopping the machine, called warning type poka-yokes.  
 
Effective error-proofing can be achieved by any, or a combination, of the following 
techniques: 
 Design/Process Failure Mode Effects Analysis (DFMEA) (Manivannan 
(2007:20) or Quality Mapping (Connor, 2006:14). Both these terms refer to a 
procedure of analysing a process step-by-step to identify potential defects, the 
root causes thereof, and possible ways of eliminating these defects.  
 Design for Manufacturability (DFM), which entails the removing of the 
possibility of incorrect manufacturing or assembly through product design. 
 Poka-yoke system, which embraces the combination of mechanical, electrical, 
and physical mechanisms, intended to ensure an error-proof process. 
 
Nowhere is autonomation more important than in situations where an operation is 
directly connected to a following process, as is the case in cellular manufacturing. A 
discussion of this tool follows. 
 
2.4.6 Cellular manufacturing 
 
Cellular manufacturing is described by Liker (2004:31) as the close arrangement of 
people, machinery and workstations in a processing sequence to enable one-piece 
flow. The primary aim of the cellular arrangement is to eliminate non-value added 
steps along the manufacturing process. This, most often, includes transport and 
storage of goods between the intermediate steps. 
 
Cells are dedicated to the manufacture of high-volume single products or product 
families, which are groups of products which share many similarities in respect of 
physical attributes and manufacturing process. 
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Common layouts employed in lean manufacturing are L-shaped and U-shaped cells. 
Both of these layouts allow for the efficient movement of people and materials 
between operations, especially with the view of attaining flexibility in the event of 
fluctuating demand. In this case the number of operators on a cell and the 
associated back-and-forth movement between workstations will be increased or 
reduced.  
 
The U-shape has, mainly through years of experimentation at Toyota, been found to 
be the superior of these two options (Liker, 2004:97). Pieterse (2007:21) also 
highlights the benefit of enhanced communication afforded by the U-shape layout 
through easy observation and eye contact among workers.  
 
Monden (1998:161) also points out some inefficient layouts which run counter to the 
objectives of one-piece flow and flexibility, which are listed below: 
 Bird cages – machines of the same type are arranged around an operator in 
order to increase the output from that one operator. The operator is better 
utilised since he/she can operate one machine while the processing cycle on 
the other machine/s is/are being completed. The disadvantages of this type of 
layout are accumulation of inventory at each machine, one-piece flow cannot 
be achieved, and the lead time to produce a finished product increases. 
 Isolated islands – in an attempt to combat the long lead time for finished 
products, machines are arranged in the sequence of the manufacturing 
process around each operator, who has to be multi-skilled to be able to 
operate a number of different machines. This type of layout does not allow for 
interaction and flexibility among operators, and also leads to stock-piling 
between operations. 
 Linear layouts – arranging different types of machines in a straight line helps 
to eliminate the problem of stock-piling between operations, but still does not 
allow for the redistribution of tasks among operators at different machines in 
response to fluctuations in demand. 
 
Lean manufacturing maximises the U-shaped layout by combining series thereof into 
a single integrated line, thereby allowing maximum flexibility of operators in terms of 
their assignment to different operations under varying demand. 
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In order to exploit the full benefit of cellular manufacturing insofar as the elimination 
or reduction of non-value added activities goes, operators must adhere to the 
standard work instructions for their allocated job function. Standardised work is 
discussed in the following section. 
 
2.4.7 Standardised work 
 
Standardised work involves documenting the description of the step-by-step manner 
in which each task must be performed, as dictated by current best practice, called a 
standard work sheet. Standard work sheets help to avoid defects; conversely they 
are referred to in the event that defects are produced in order to establish where the 
standard was not followed accurately (Pieterse, 2007:22). 
 
A standard work sheet is displayed at the workstation where the applicable task is 
performed. It contains a combination of text, pictures and symbols which, combined, 
help to describe the entire process in an easily understandable manner. 
 
According to the lean manufacturing philosophy, the responsibility for maintaining 
standard work sheets should rest with production staff, since they are the custodians 
of the standard operating methods. They are, through their first-hand experience of 
operations, best equipped to develop the most efficient and effective work methods. 
Standards are established through a process of trial-and-error, whereby production 
staff draw up a draft version of the standard methods and then subject said methods 
to practical testing, adjustment, and re-testing, until the optimum solution is 
established and documented. 
 
Apart from avoiding the production of defective products, standardised work also 
plays a major role in aiding operator flexibility insofar as it helps rotating staff to 
quickly learn a new job function by following the work instructions displayed at the 
workstation (Nicholas & Soni, 2006:164). 
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Although standardised work represents the best practice at that point in time, the 
objective is always to strive to find ways of doing things more efficiently and cost-
effectively. Standardisation is, in this context, merely the prerequisite for 
improvement. Continuous improvement, or kaizen, is discussed in more detail in the 
next section. 
 
2.4.8 Continuous improvement (Kaizen) 
 
Hay (1988:47-48) describes kaizen as the philosophy of continuously implementing 
small improvements which brings a company ever closer to its objective of 
perfection, rather than randomly launching single big fix improvement projects, the 
benefits of which are not maintained over time. 
 
Doolen, Van Aken, Farris, Worley and Huwe (2008:638) highlight the following 
characteristics of kaizen: 
 A single kaizen project (called a kaizen event) has a short, defined timeline, 
usually not longer than five days. 
 The scope of a kaizen project is clearly defined as a specific part of a 
product‟s value chain. 
 Kaizen projects require little or no capital expenditure to implement. The 
emphasis is on making improvements on current situations, using what is 
already available. 
 Cross-functional teams, made up of production and related support function 
staff, undertake kaizen projects. 
 Kaizen teams are given authority upfront to implement the solutions of their 
project immediately. This cultivates a sense of ownership among employees. 
 The results of kaizen projects are generally easily observable or measurable 
through indicators such as inventory, floor space, output and defect rate. 
 The principle of continuous improvement means that kaizen projects should 
be undertaken on the same processes continuously, each time improving on 
the previous solutions. 
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The central theme of kaizen is the identification and eradication of all forms of waste. 
Once this has been done, various techniques can be employed to assist in 
developing possible solutions. Pieterse (2007:29) identifies the following solutions: 
 Five Why‟s – a process of asking the question why? continually, each time in 
response to the previous answer given, to ultimately identify the root cause of 
a problem. 
 Brainstorming – a process usually carried out in a meeting where all the 
members of a kaizen team are present, where each person has to air their 
proposed solution/s to a problem. This happens without the interference of the 
other team members; only once all the proposals have been made are the 
best proposals then identified through a process of ranking and voting. 
 Process flowcharts – the mapping of a process through the use of various 
symbols which differentiate between value-adding and non-value adding 
activities, which helps to identify and eradicate the latter. 
 Pareto charts – bar charts which rank the different problems which occur in a 
process in terms of their frequency of occurrence. 
 Cause-and-effect diagram (fishbone) – used to identify possible causes of a 
problem within six different groupings, namely materials, method, 
assessment, equipment, people and environment. Once all the possible 
causes per group have been documented, the most likely causes are 
identified and investigated further. 
 
A critical success factor of kaizen is that everyone gets involved, working together in 
quality circles and other improvement-focused groups (Hay, 1988:48). A full 
discussion of employee involvement and teamwork follows. 
  
2.4.9 Employee involvement and teamwork 
 
Nicholas & Soni (2006:308) describe employee involvement as the pro-active 
involvement of production staff in activities beyond what has traditionally been 
classified as production tasks. These include kaizen, TPM, SMED and standardised 
work, to mention a few. Employee involvement is a common thread running through 
most of the lean manufacturing tools.  
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5S, which will be discussed in the next section, is a popular starting point for getting 
employees involved and developing a culture of ownership and responsibility. 
Employees are further encouraged and motivated to participate through employee 
suggestion schemes, which offer financial and other rewards for innovative ideas 
devised by shop-floor staff.  
 
In lean manufacturing, a lot of emphasis is placed on teamwork and its contribution 
towards achieving one-piece flow on the production floor. Almost all of the lean 
improvement tools are group-oriented. Quality circles, kaizen, problem-solving and 
standardised work, all make use of teams, with the rewards also being team based.  
 
The benefits of effective teamwork are far-reaching. Employees learn from each 
other as they share knowledge and experience. Increased cooperation among 
employees leads to increased efficiency, reduction of defects and reduced delays, to 
mention a few.  
 
Effective teams are, however, not established overnight. In this regard, lean 
manufacturing acknowledges the stages of team development as propagated by 
Blanchard (2005:84) and listed below: 
 Forming - the team is formed and everyone is enthusiastic about their planned 
endeavours. 
 Storming - as people start to participate in the team effort, different 
personalities come to the fore, which is often accompanied by personal 
differences and battles for superiority. 
 Norming - at this stage the members start to realise that they need to work 
together as a team, and begin to understand and appreciate each member‟s 
role. 
 Performing - once all of the team members have settled into their role and 
function within the team setup, the team starts to be effective in its efforts. 
 
As mentioned earlier, 5S is the lean technique most often used to initiate employee 
involvement and teamwork. 5S is grouped with andon under visual control and 
management tools, which is discussed next. 
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2.4.10 Visual control and management 
 
Monden (1998:202) sees visual control as a tool which must be used by the entire 
company from the top down to eliminate waste and problems that exist within the 
organisation, by making them visible to everyone.  
 
The most popular technique for visibly exposing waste is 5S. Bayo-Moriones, Bello-
Pintado and de Cerio (2010:217) define 5S as a system aimed at reducing waste 
and optimizing efficiency and quality through instilling the values of housekeeping in 
the workplace. The five principles, the Japanese words of which led to the acronym 
5S, are: 
 Organisation (Seiri) – removing unused items from the production area, and 
keeping only the required quantity of used items. 
 Neatness (Seiton) – arranging, labeling and storing items in a manner which 
ensures that they are easily located and accessible. 
 Cleaning (Seiso) – cleaning of the factory, which also aids in identifying 
causes of sub-standard quality production (Ho and Cicmil, 1996:48). 
 Standardisation (Seiketsu) – entails the continuous (daily) repetition and 
refinement of the first three principles to maintain and improve the workplace 
order. 
 Discipline (Shitsuke) – entrenching employee behaviours in line with the 
system principles until it becomes the new status quo (Bayo-Moriones et al., 
2010:217). 
 
Gapp, Fisher & Kobayashi (2008:568) and Bayo-Moriones et al (2009:218) highlight 
the under-valuation of 5S as a business philosophy and corporate strategy by 
Western companies adopting it purely as a housekeeping technique. Gapp et al 
state that the correct application of 5S affects behaviours in the workplace, which 
ultimately permeates a company‟s entire approach towards the way it conducts its 
business. 
 
5S is viewed as a suitable starting point for developing organizational capabilities 
and the ability to focus on more advanced issues such as TPM and JIT. The effects 
of its implementation are easily observable and therefore help to create momentum 
for the successful roll-out of the aforementioned tools. 
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As mentioned at the start of this section, apart from waste identification, the visual 
management of problems is another aspect of this lean tool. Problems are most 
often visually managed through a technique called andon.  
 
Andon means indicator panel, which consists of various coloured lights used to 
communicate the state of a production line to everyone (Shingo, 1989:74). If there is 
a problem, the different coloured lights will indicate what type of problem it is, 
whether it be a logistical, quality, or maintenance issue, to mention a few. 
 
Employees are authorised to stop production if there is a quality problem, activating 
the andon to alert the relevant people. The overriding philosophy of andon, as 
emphasized by Shingo (1989:75), is that the focus should be on finding permanent 
solutions to problems which caused production to be stopped in the first place. 
 
While all of the tools discussed thus far are aimed at internal manufacturing and 
related operations, lean even goes beyond that to involve suppliers in order to further 
enhance process flow, improve quality and reduce lead times. A discussion of 
supplier involvement follows. 
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2.4.11 Supplier involvement 
 
Schonberger (1982:16) describes supplier involvement as the extension of the 
application and benefits of lean backward to the supplier end of the business. The 
extension of the lean benefits favours both the supplier and the organisation itself, 
making it a win-win situation. 
 
This is in stark contrast to conventional customer-supplier relationships, in which the 
cooperation between the two parties is only just maintained at the minimum level 
required to get the job done (Womack and Jones, 2003:277). The same writers cite a 
lack of trust as the main reason for this situation. Suppliers are wary of customers 
who might demand cost reductions without proper justification, while at the same 
time customers might suspect their suppliers of making exorbitant profits at their 
expense. 
 
Womack & Jones (2003:277) go on to propose the following principles as a basis for 
developing a sustainable customer-supplier relationship in which each party has a 
satisfactory level of confidence in the trustworthiness of the other: 
 The end-customer‟s perception of value must be jointly defined for each 
product, and a target cost attached thereto. 
 Both parties must earn a return on investment (ROI) proportionate to their 
contribution to value added. 
 The parties must cooperate in the pursuit of waste elimination to ultimately 
meet the originally agreed upon target cost and ROI. 
 Once these targets have been met, the value stream must be analysed again 
to identify any remaining waste along the value chain, and new targets set. 
 Each party has the right and access to the other party‟s operations in order to 
identify possible waste. 
 
Since this study aims to measure the impact of lean implementation on a single 
company, and not all companies along a specific product‟s value chain who have 
implemented lean, it will only attempt to quantify the effect on the subject company‟s 
own operational costs; not that of its supplier/s. 
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2.5 CONCLUSION 
 
This chapter aimed to establish exactly what could reasonably be accepted as the 
complete lean manufacturing tool set. Petterson‟s article (2009:127), which is a study 
of the ten most regarded lean theorists‟ concepts of lean, was the central text in this 
regard. 
 
By super-imposing Liker‟s „Toyota Way‟ principles (2004:6) on Pettersen‟s lean 
concepts matrix (2009:130), the difference between, as well as the 
interconnectedness of, the lean philosophy and methodology was clarified. Each of 
the lean tools identified were briefly discussed to gain some basic insights into the 
functionality and potential benefits of each. 
 
Now that the exact composition of the lean tool box is known, historical data on the 
implementation effects of each of these tools needs to be gathered in order to 
establish their anticipated effect on operational costs. The methodology applied for 
the data gathering and analysis is discussed in the next chapter. 
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CHAPTER 3 
 
THE RESEARCH METHODOLOGY 
 
 
3.1 INTRODUCTION 
 
The first chapter of this study described the main research problem in some detail: 
the need for a standard model for assessing the anticipated relative financial impact 
of implementing each of the lean manufacturing tools on a manufacturing concern‟s 
operational costs. 
 
The first objective was to establish exactly what constitutes the tools of lean 
manufacturing. This was achieved in chapter 2 through consulting existing literature 
on the topic. Pettersen‟s article (2009:127) was used in this regard as the basis for 
identifying a reliable consolidation of all of the tools advocated in prominent existing 
literature. These tools were also discussed briefly in chapter 2, and are the subject of 
further investigation. 
 
The next step is to establish reliable anticipated cost reduction percentages 
achievable from implementing these lean tools, based on the results achieved by 
companies who have implemented them, as documented in existing literature.  
 
Cavana et al (2001:107) highlight the importance of using accurate data collection 
and analysis techniques, especially when the results of the study will be used to 
base critical decisions on, as is the case in this study. It is envisaged that companies 
using the assessment model developed in this study will be able to generate reliable 
information as the basis for the development of a lean implementation strategy.  
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3.2 RESEARCH DESIGN 
 
As was discussed in detail in chapter 1, the study will follow a quantitative approach 
towards establishing the anticipated relative financial impact of implementing each of 
the lean tools on a manufacturing company‟s operational costs. The justification for 
this approach, deemed to be the most appropriate for achieving the desired research 
outcome due to the nature of the subject matter, was also discussed in the first 
chapter.  
 
This chapter focuses on the research methodology employed, the justification for the 
selected techniques, and the advantages and disadvantages thereof.  
 
 
3.3 RESEARCH METHODOLOGY 
 
Leedy (1997:104) describes research methodology as the application of a specific 
operational framework to a set of data in order to extract its‟ meaningful value. The 
choice of framework depends on the data being collected and analysed.  
 
This framework contains three aspects (Hofstee, 2006:115), namely: 
 Research instrument/s – the object/s used to obtain the data required for the 
study. These include questionnaires, experiments, and psychological tests, as 
well as a researcher‟s own developed instruments, to mention a few.  
 Data – The quality and quantity of data collected are important aspects of the 
data itself. 
 Analysis instrument/s – in order to convert the data collected into useful 
information, it has to be processed using some or other method. Aggregation 
and categorisation of data, and the interpretation thereof are important 
techniques. To test for the reliability and authenticity of data, mean, minimum 
and maximum values and standard deviations within a data set are useful 
techniques. To test the reliability of the research instrument, data is analysed 
along specific dimensions to check for variation in results along these 
dimensions.  
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A discussion of the data collection techniques, characteristics of the data collected 
and the data analysis techniques used in this study follows. 
 
3.3.1 The research instrument 
 
As mentioned in chapter 1, a historical survey of secondary data as contained in 
documented case studies will be performed to establish the anticipated percentage 
impact of each lean tool‟s implementation on operational costs. Leedy (1997:156) 
defines this approach as non-interactive document research. The secondary data 
sources consulted will take the form of text books, journals, and internet sites.  
 
The issue of confidentiality was identified as the biggest restriction to collecting 
sufficient primary data from companies participating in a postal or self-administered 
questionnaire. The reluctance on the part of companies to reveal information related 
to their financial performance, as highlighted by Womack et al., (1990:282), was 
alluded to in chapter 1. Revealing operational cost information could put a company 
at risk of being targeted by competitors engaging in price wars with the aim of 
gaining market share. 
 
Cavana et al (2001:163) state that the advantage of secondary data lies in the 
savings in time and costs of data acquisition. These two aspects, time and costs 
savings, were further deciding factors in the choice of data collection method. The 
time frame available for the completion of this study made a historical survey 
practically the only viable option. The collection of primary data from companies 
participating in a questionnaire, for example, would have been too time-consuming, 
taking into account the limited number of South African companies who have 
implemented lean, as well as the low response rates that accompany postal 
questionnaires. Self-administered questionnaires, apart from not being suited to the 
type of data collected, would have been too costly and time-consuming to execute. 
 
Although the historical survey was deemed the most effective collection method, it 
did pose the following challenges: 
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3.3.1.1 Extracting accurate data from secondary sources 
Cavana et al (2001:163) affirm that one of the drawbacks of secondary data is that it 
does not always meet the specific requirements of a particular study. Since the data 
required for this study was quantitative in nature, the sources used had to state 
certain key facts fairly explicitly. These included: 
 The specific lean tool implemented – if the case study described the 
simultaneous implementation of more than one lean tool, the results achieved 
from each had to be expressed separately. If the results achieved from 
implementing more than one tool were bundled together, such a source was 
ignored, i.e. no attempt was made to apportion or attribute certain results to 
certain tools. 
 The OCA‟s affected – the source had to describe the OCA‟s affected in 
sufficient detail to be able to define the nature and extent of the costs 
constituting the cost aspect/s.  
 The percentage cost reduction achieved – these had to be stated per OCA 
affected. Where percentages were not stated explicitly, the cost reductions 
achieved had to be described accurately enough to derive an implied 
percentage. Some sources, for example, stated that floor space occupied 
was reduced „by half‟; it could therefore be reasonably accepted that the cost 
of total floor space could potentially be reduced by 50%. Other sources stated 
inventory reductions in the number of days‟ stock, for example, reduced from 
30 days‟ to six days‟ inventory – this could fairly be accepted to imply an 80% 
reduction in inventory. 
 
3.3.1.2 Authenticity and reliability of secondary data sources 
Leedy (1997:174) identifies the verification of the authenticity of secondary data 
sources as one of the challenges of a historical study. Brown (2006:82) points out 
that in the case of business research it is the reliability of the data sources, whether 
what the authors are saying is the truth, rather than their authenticity, which is the 
even-more pertinent issue. Since the researcher was not present at the recording of 
the original primary data, both these aspects have to be confirmed by some means. 
 
This study relied on data analysis techniques to gain an acceptable level of 
confidence that all the data used were in fact authentic and reliable. This will be 
discussed in more detail in the next section. 
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3.3.1.3 Reliability of the research instrument 
Apart from the unique challenges of a historical survey, another critical issue is 
ensuring the reliability of the research instrument. Cavana et al (2001:210) refer to 
the reliability of a research instrument as the extent to which it is free from bias and 
generates consistent results over time using different data sources. 
 
As with the reliability and authenticity of the data sources, data analysis techniques 
will be used to test the reliability of the measurement instrument. The extent and 
nature of these tests will also be discussed in the following sections. 
  
3.3.2 The data 
 
3.3.2.1 The data required 
Three factors determine the data required for collection: 
 The required outcome of the study – in order to establish what the 
experienced percentage cost reductions from lean tool implementations are, 
and the OCA‟s affected, the following data needs to be recorded per case: 
o The lean tool/s implemented, 
o The OCA‟s affected by the implementation, and 
o The percentage cost reduction achieved for each cost aspect. 
 The need to measure the reliability and authenticity of the data – Descriptive 
statistics, specifically the calculation and comparison of mean values, will be 
employed to establish the degree of reliability and authenticity of the data. 
Data required specifically for this phase of the analysis include: 
o Subject company name specified or not – to test if there is variation in 
cases where the subject company name is mentioned and not. It is 
presupposed that a greater risk exists in the case where the subject 
company is not named, since it makes the primary data source more 
difficult to trace with the aim of possibly independently verifying the 
data‟s authenticity and reliability. 
o Academia/practitioners or consultants – to test for variation in results 
from academia and practitioners on the one hand, and consultants on 
the other. The desire to attract future business could possibly provide 
consultants with an added incentive to overstate the results they 
achieved with previous cases. 
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 The need to measure the reliability of the measurement instrument – 
Descriptive statistics, specifically the calculation and comparison of different 
sets of mean values, will be employed to establish the degree of reliability of 
the research instrument. Data required specifically for this phase of the 
analysis include: 
o Country of subject company – many academic writers propagate the 
belief that the cultural differences between Eastern and Western 
countries make for differing success rates with regards to the 
implementation of lean. The variation between Eastern and Western 
countries, if any, will be tested. 
o Type of industry of the subject company – some writers are of the 
opinion that the success of lean is mostly limited to the automotive 
industry. The variation between the automotive and other industries, if 
any, will be analysed. 
 
3.3.2.2 Data characteristics 
A preliminary search of documented cases reveals that, in most instances, the 
implementation of each lean tool produces a range of operational cost benefits to the 
subject company, instead of improving only one cost aspect (Liker, 1998:297 & 369). 
Liker (1998:369), for example, describes the following benefits achieved through the 
implementation of kanban at a test company, Cedar Works: 
 Reduced lot sizes by 50% or more. 
 Reduced floor space. 
 Reduced production stoppages due to part shortages. 
 
Each lean tool will therefore, by implication, in most cases provide operational cost 
benefits across a range of OCA‟s, eg inventory holding costs, floor space costs, and 
production efficiency, with reference to the example stated above. This dual 
dimensionality of the data will be captured by means of a matrix, with the lean tool 
implemented on the horizontal axis, the OCA affected on the vertical axis, and the 
percentage cost reduction achieved at the intersection. 
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Exploring this data relationship even further, it is important to note that, in most 
cases, each OCA is also affected by a number of lean tools. For example, reduced 
floor space could be the result of kanban implementation, but also due to cellular 
manufacturing layout changes. In other words, a many-to-many relationship exists 
between the lean tools and OCA‟s; that is, each lean tool could affect many OCA‟s, 
and each OCA could be affected by many lean tools. This is an important issue to 
consider during the analysis phase of the process, which is discussed next. 
 
3.3.3 The data analysis techniques 
 
As mentioned in the previous section, three groups of data are required:  
 Data for the construction of the LIAM, 
 Data to verify the reliability and authenticity of the data sources, and 
 Data to verify the reliability of the measurement instrument. 
 
Descriptive statistics will be used for the entire analysis process. Descriptive 
statistics, as the term implies, summarise and describe the characteristics of a data 
set, including the variability thereof (Friedman, 2006:89). The descriptive techniques 
used in this study are: 
 Mean – the average of the values in a data set 
 Minimum – the lowest value in a data set 
 Maximum – the highest value in a data set 
 Range – the difference between the minimum and maximum values, which 
offers an indication of the spread of a distribution (Cavana et al, 2001:410). 
 
These techniques will be applied to the three data groups as follows: 
 
3.3.3.1 Data to construct the impact assessment model 
It was found that some sources stated cost reductions achieved in the form of 
percentage ranges with a lower and upper value. In such cases the mean of the 
lower and upper limit will be calculated first to establish a single figure for that 
particular instance.  
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Once a single percentage has been calculated for each survey record, the mean of 
all values per lean tool will firstly be calculated. This will allow the ranking of the tools 
by their percentage impact, not taking into account the monetary effect thereof.  
 
With the mean values per lean tool known, a further drill-down will be performed to 
calculate mean values for each matrix element. In other words, a mean value will be 
calculated for each OCA affected by each lean tool. Other descriptive statistics such 
as minimums and maximums will also be established. 
 
3.3.3.2 Data to verify the reliability and authenticity of the sources 
Two aspects will be analysed to test the reliability and authenticity of the data 
sources. They are: 
 Subject company name specified or not - the mean value of all data where the 
subject company name is specified will be compared with the mean value of 
all data where the opposite is true. 
 Academia/practitioners or consultants - the mean value of all data obtained 
from works by academia and practitioners will be compared with the mean 
value of all data obtained from material by lean consultants. 
 
From these analyses conclusions regarding the reliability and authenticity of all data 
sources used will be drawn. 
 
3.3.3.3 Data to verify the reliability of the measurement instrument 
Two aspects will be analysed to test the reliability of the measurement instrument. 
They are: 
 Country of the subject company - the mean value of all data from Eastern 
companies will be compared with the mean value of all data from Western 
companies.  
 Type of industry of the subject company - the mean value of all data from 
companies in the automotive industry will be compared with the mean value of 
all data from companies in all other industries.  
 Once both these aspects have been analysed and verified, the overall ability 
of the research instrument to yield consistently reliable results will be 
determined by analysing both aspects in consolidation. In other words, 
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confirmation is needed that the anticipated lean impact calculated for an 
Eastern company in the automotive industry, for example, will be as accurate 
as the calculation for a Western company in a non-automotive industry, or any 
other combination of the two variables. 
 
Conclusions regarding the reliability of the measurement instrument will be drawn 
from these analyses. 
 
 
3.4 CONCLUSION 
 
This chapter provided an overview of the research methodology applied in this study. 
The importance of acquiring accurate data was highlighted. Companies will 
ultimately use the results generated from the LIAM to aid in deciding which lean tools 
to implement, and in what order. 
 
The composition of the three components of the methodology, namely the research 
instrument, data and the data analysis techniques were discussed. The justification, 
benefits and challenges of the chosen tools and techniques were presented.  
 
Confidentiality was a pertinent issue in the choice of research instrument. 
Companies‟ hesitancy to disclose sensitive operational cost information which could 
compromise their competitive position discouraged the use of postal or self-
administered surveys.   
 
Measures were discussed to test the reliability of the secondary data and the 
research instrument. Apart from the data required to construct the LIAM, additional 
data will be gathered and analysed to obtain a satisfactory level of confidence in the 
reliability of the data and the historical survey. 
 
The following chapter will present and discuss the results of the survey. 
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CHAPTER 4 
 
ANALYSIS AND INTERPRETATION OF THE RESULTS OF THE 
HISTORICAL SURVEY 
 
 
4.1 INTRODUCTION 
 
Chapter 3 described the methodology employed in this study in detail. The chosen 
research instrument, a historical survey of previously documented case studies, the 
data gathered, and the data analysis techniques employed were discussed. This 
chapter presents the results of the latter, the data analysis, and offers a discussion 
and interpretation of the results. 
 
The results for each of the three groups of data gathered will be presented in three 
sections. The three groups of data, as described in the previous chapter, are: 
 Data to verify the reliability and authenticity of the data sources. 
 Data to verify the reliability of the measurement instrument. 
 Data for the construction of the LIAM. 
 
 
4.2 DATA TO VERIFY THE RELIABILITY AND AUTHENTICITY OF THE DATA 
SOURCES 
 
Two aspects which could provide an acceptable level of confidence in the reliability 
and authenticity of the data sources were identified and discussed in the previous 
chapter. They are: 
 Subject company name specified or not 
 Academia/practitioners or consultants 
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4.2.1 Subject company name specified or not 
 
 
Figure 4.1  
 
The mean of all values from sources where the company name was not specified is 
55.03%, versus 57.78% for cases where the opposite was true, a difference of 
2.75%. It was anticipated that authors who wished to fabricate case study results 
would be inclined to not furnish the name of the subject company in order to make it 
impossible to verify the results independently.  
 
Since the results from cases where the company name was not stated were in fact 
less favourable than other cases, it can be safely concluded that the results were 
neither fabricated nor in any way altered. A possible reason, then, for not providing 
the company name in certain cases could be due to the companies‟ request for 
anonymity. 
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4.2.2 Academia/practitioners or consultants 
 
 
Figure 4.2 
 
The mean of all values from cases published by lean consultants is 56.64%, versus 
57.14% for cases published by academia and lean practitioners, an insignificant 
difference of 0.50%. Since the results from cases published by consultants were in 
fact slightly less favourable than other cases, it can be safely deduced that these 
results were neither made-up nor in any way altered, whether to obtain future 
business or for any other reason. 
 
 
4.3 DATA TO VERIFY THE RELIABILITY OF THE MEASUREMENT      
INSTRUMENT 
 
Two aspects which could affect the reliability of the research instrument, and 
subsequently the accuracy of the LIAM, were identified. They are: 
 Country of subject company – Eastern or Western country 
 Industry of subject company – automotive industry or other 
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4.3.1 Country of the subject company 
 
Figure 4.3 
 
The mean of all results from cases in Western countries is 55.60%, versus 61.19% 
for cases in Eastern countries, a difference of 5.59%. The mean of all case results, 
however, is 56.99%. Therefore, the risk to companies in Western countries using the 
impact assessment model is an overstatement of anticipated results by only 1.39%, 
and for Eastern countries an understatement by 4.20%. 
 
The reason why the lean impact is understated for Eastern companies by a bigger 
margin than it is overstated for Western companies is that Western companies enjoy 
a greater representation in the survey data. 
 
Figure 4.4 
 
49 of the 198 survey records were from case studies conducted in Eastern countries, 
with the balance, 149, from case studies conducted in Western countries.  
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4.3.2 Type of industry of the subject company 
 
 
Figure 4.5 
 
The mean of all results achieved by companies in the automotive industry is 57.37%, 
versus 56.82% for companies in other industries; a negligible difference of 0.55%. 
Therefore, with the mean of all case results at 56.99%, the risk to companies in the 
automotive industry using the impact assessment model is an understatement of 
anticipated results by 0.38%, and for companies in other industries an overstatement 
by 0.17%. 
 
4.3.3 Overall reliability measure 
 
As explained in the previous chapter, analysing the effect of the subject company 
country and industry in combination provides a clear indication of the overall 
reliability of the survey. 
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Figure 4.6 
 
The variation in results achieved in the automotive versus other industries in Eastern 
countries is largely similar to those observed on the consolidated industry level. The 
results are: automotive industry: 61.24%; other industries: 61.15%. 
 
As in the case of Eastern countries, results achieved in the automotive versus other 
industries in Western countries are similar to those achieved on the headline industry 
level. The results are: automotive industry: 54.78%; other industries: 55.86%. 
 
The biggest variance within this data set is between Eastern and Western 
companies within the automotive industry – a variance of 6.45%. However, with the 
mean of all case results at 56.99%, the risk to Eastern companies in the automotive 
industry using the impact assessment model is an understatement of anticipated 
results by 4.25%, and for Western companies in the same industry an overstatement 
by 2.21%. 
 
It is concluded, based on the above analyses, that the survey is capable of yielding 
consistently reliable results to suit both Eastern and Western companies in the 
automotive or any other industry. 
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4.4 DATA TO CONSTRUCT THE IMPACT ASSESSMENT MODEL 
 
The headline results of this phase of the data analysis are presented in Figure 4.7. 
The lean tools are displayed on the horizontal axis and the OCA‟s affected by their 
implementation on the vertical axis. 
 
Figure 4.7 
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The OCA‟s are arranged in descending order of the number of lean tools by which 
they are affected. It is worth highlighting that, with the exception of efficiency, WIP 
inventory is affected by more lean tools than any other OCA. This affirms the 
effectiveness of the lean methodology at meeting one of its single most important 
objectives, inventory reduction, as discussed in chapter 1. It also underscores the 
fact that TPS was developed with these goals in mind; they were not merely a 
coincidental consequence of the methodology. 
 
Two other lean tools which were identified during the literature review phase of the 
study, kaizen and employee involvement, have been omitted from these headline 
results. It was found during the data collection and recording stage of the study that 
no case studies existed where these two tools were applied independently of other 
lean tools. Rather, kaizen was always applied as a platform for the use of other tools, 
with employee involvement being the basic requirement for successful kaizen 
events. 
 
It is therefore concluded from this study that these two tools can be categorised as 
support tools rather than mainstream lean implementation tools. The aforementioned 
results therefore include cases where kaizen and employee involvement were 
employed as support tools to drive the initiative, with the mainstream tool/s being 
credited with the results. 
 
The results from the nine mainstream tools will be discussed in more detail in the 
following sections. Each section will start by firstly presenting the OCA‟s affected by 
the tool, and their mean values. This will be followed by a discussion of the 
descriptive statistics for each aspect, highlighting the most pertinent issues. 
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4.4.1 Kanban 
 
 
Figure 4.8 
 
Six OCA‟s affected by the implementation of kanban were identified. As displayed 
graphically above, they are: efficiency, floor space, WIP inventory, finished goods 
inventory, airfreight, and obsolescence. The key descriptive statistics for each of 
these aspects are as follows: 
 
Operational aspect No. of records Mean Range Minimum Maximum 
Efficiency 1 20.00% 0.00% 20.00% 20.00% 
Floor space 1 50.00% 0.00% 50.00% 50.00% 
Inventory (WIP) 7 68.96% 63.24% 32.00% 95.24% 
Inventory (FG) 2 73.00% 46.00% 50.00% 96.00% 
Airfreight 1 100.00% 0.00% 100.00% 100.00% 
Obsolescence 1 100.00% 0.00% 100.00% 100.00% 
 
Four of the aspects – efficiency, floor space, airfreight, and obsolescence – were 
only cited in one out of a total of nine case studies surveyed. This not only generates 
meaningless statistical results, but more importantly raises concerns that these 
instances were exceptions rather than the rule. 
 
Including such aspects in the impact assessment model as anticipated cost effects 
therefore poses a degree of risk to users of the model in the event that such cost 
reductions do not materialise. Finished goods inventory was only cited in two cases, 
with a significant difference of 46% between the results, thus raising similar 
concerns. 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Obsolescence
Airfreight
Inventory (FG)
Inventory (WIP)
Floor space
Efficiency
   
Page 56 
  
4.4.2 Cellular Manufacturing 
 
 
Figure 4.9 
 
The nine OCA‟s affected by cellular manufacturing implementation are (as displayed 
above): yield rate, floor space, efficiency, set-ups, WIP inventory, internal defects, 
cost of quality, handling/transport, and raw material inventory. The key descriptive 
statistics for each of these aspects are as follows: 
 
Operational aspect No. of records Mean Range Minimum Maximum 
Yield rate 1 24.24% 0.00% 24.24% 24.24% 
Floor space 10 40.13% 47.33% 26.00% 73.33% 
Efficiency 14 52.46% 187.50% 12.50% 200.00% 
Set-ups 2 53.86% 37.73% 35.00% 72.73% 
Inventory (WIP) 9 64.84% 72.00% 28.00% 100.00% 
Defects (internal) 2 67.50% 45.00% 45.00% 90.00% 
Cost of quality 2 74.03% 11.94% 68.06% 80.00% 
Handling/transport 9 76.99% 80.00% 20.00% 100.00% 
Inventory (raw) 1 80.00% 0.00% 80.00% 80.00% 
 
Two of the aspects, yield rate and raw material inventory, were only cited once out of 
twenty cases, thus raising serious concerns over the infrequency of its‟ occurrence 
as discussed in the previous section. Another three aspects, set-ups, internal 
defects, and cost of quality, were only cited twice, thus raising similar concerns. 
Efficiency, although cited in 14 cases, yielded widely dispersed results - a range of 
187.50%. This point to significant variability in the results achieved by the respective 
companies surveyed. 
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4.4.3 Single Minute Exchange of Dies (SMED) 
 
 
Figure 4.10 
 
Three OCA‟s affected by SMED initiatives were identified. As displayed graphically 
above, they are: efficiency, WIP inventory, and set-ups. The key descriptive statistics 
for each of these aspects are as follows: 
 
Operational aspect No. of records Mean Range Minimum Maximum 
Efficiency 4 40.59% 54.93% 16.07% 71.00% 
Inventory (WIP) 1 50.00% 0.00% 50.00% 50.00% 
Set-ups 19 77.46% 66.82% 33.00% 99.82% 
 
WIP inventory was only cited once out of 21 cases. Efficiency was cited four times, 
yielding a mean of 40.59% and a range of 54.93%. Set-up cost was identified in all 
but two cases surveyed, yielding a mean of 77.46% and a fairly dispersed range of 
66.82%. 
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4.4.4 Total Productive Maintenance (TPM) 
 
 
Figure 4.11 
 
Ten OCA‟s are affected by TPM implementation. As displayed above, they are: 
inventory, energy costs, maintenance cost, efficiency, manufacturing cost, spare 
parts inventory, WIP inventory, external defects, internal defects, and safety (as 
measured by the number of accidents). The key descriptive statistics for each of 
these aspects are as follows: 
 
Operational aspect No. of records Mean Range Minimum Maximum 
Inventory 1 23.08% 0.00% 23.08% 23.08% 
Energy costs 2 28.75% 22.50% 17.50% 40.00% 
Maintenance cost 4 42.08% 70.68% 19.32% 90.00% 
Efficiency 5 42.55% 59.00% 21.00% 80.00% 
Manufacturing cost 4 42.88% 37.50% 22.50% 60.00% 
Spare parts inventory 1 50.00% 0.00% 50.00% 50.00% 
Inventory (WIP) 1 51.50% 0.00% 51.50% 51.50% 
Defects (external) 2 57.72% 9.56% 52.94% 62.50% 
Defects (internal) 3 64.96% 22.13% 50.37% 72.50% 
Safety (accidents) 1 94.00% 0.00% 94.00% 94.00% 
 
Four aspects – inventory, spare parts inventory, WIP inventory, and safety 
(accidents) – were only cited once out of nine cases, again raising concerns over 
their inclusion in the assessment model. Another two aspects, energy costs and 
external defects, were only cited twice, but did yield consistent results with range 
values of 22.50% and 9.56% respectively.  
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Maintenance cost, although cited four times, yielded widely dispersed results, a 
range of 70.68%, pointing to significant variability in the results achieved by the 
respective companies surveyed. 
 
4.4.5 Load-leveling (heijunka) 
 
 
Figure 4.12 
 
The five OCA‟s affected by heijunka, as displayed above, are: finished goods 
inventory, headcount, floor space, efficiency, and WIP inventory. The key descriptive 
statistics for each of these aspects are as follows: 
 
Operational aspect No. of records Mean Range Minimum Maximum 
Inventory (FG) 1 10.00% 0.00% 10.00% 10.00% 
Headcount 1 20.00% 0.00% 20.00% 20.00% 
Floor space 1 33.33% 0.00% 33.33% 33.33% 
Efficiency 3 38.39% 73.50% 12.50% 86.00% 
Inventory (WIP) 3 87.17% 37.00% 63.00% 100.00% 
 
The first three aspects, finished goods inventory, headcount, and floor space, were 
only cited once out of five cases. Efficiency, which was cited three times, yielded a 
minimum result of 12.50% and maximum of 86.00%, thus resulting in a range value 
of 73.50%, a wide dispersion of results. 
 
 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Inventory (WIP)
Efficiency
Floor space
Headcount
Inventory (FG)
   
Page 60 
  
4.4.6 Autonomation 
 
 
Figure 4.13 
 
Four OCA‟s are affected by autonomation, as displayed above. They are: internal 
defects, external defects, efficiency, and yield rate. The key descriptive statistics for 
each of these aspects are as follows: 
 
Operational aspect No. of records Mean Range Minimum Maximum 
Defects (internal) 2 62.50% 75.00% 25.00% 100.00% 
Defects (external) 3 78.38% 45.15% 50.00% 95.15% 
Efficiency 1 100.00% 0.00% 100.00% 100.00% 
Yield rate 1 100.00% 0.00% 100.00% 100.00% 
 
Both efficiency and yield rate were only cited in one out of seven cases. Internal 
defects, which was cited in two cases, yielded a 25% impact in the first case, but 
100% in the second, thus resulting in a range dispersion of 75%. 
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4.4.7 Visual control and management 
 
 
Figure 4.14 
 
Case studies consulted cited a total of seven OCA‟s as being affected by the 
implementation of visual control and management techniques. As displayed above, 
they are: labour cost, efficiency, handling/transport, floor space, safety (accidents), 
cleaning cost, and internal defects. The key descriptive statistics for each of these 
aspects are as follows: 
 
Operational aspect No. of records Mean Range Minimum Maximum 
Labour cost 1 25.00% 0.00% 25.00% 25.00% 
Efficiency 2 29.50% 7.00% 26.00% 33.00% 
Handling/transport 1 33.00% 0.00% 33.00% 33.00% 
Floor space 3 34.67% 28.00% 17.00% 45.00% 
Safety (accidents) 2 42.65% 14.71% 35.29% 50.00% 
Cleaning cost 1 75.61% 0.00% 75.61% 75.61% 
Defects (internal) 1 80.00% 0.00% 80.00% 80.00% 
 
None of the seven aspects cited appeared in more than three case studies surveyed. 
Four aspects, labour cost, handling/transport, cleaning cost, and internal defects, 
were only cited in one out of eight cases. The remaining aspects, although also only 
cited in two or three cases, yielded consistent results with narrow range values. 
 
 
  
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Defects (internal)
Cleaning cost
Safety (accidents)
Floor space
Handling/transport
Efficiency
Labour cost
   
Page 62 
  
4.4.8 Standardised Work 
 
 
Figure 4.15 
 
Only three aspects of operational costs were identified from 12 cases as being 
affected by the implementation of standardised work. As displayed above, they are: 
WIP inventory, efficiency, and internal defects. The key descriptive statistics for each 
of these aspects are as follows: 
 
Operational aspect No. of records Mean Range Minimum Maximum 
Inventory (WIP) 1 25.00% 0.00% 25.00% 25.00% 
Efficiency 11 35.85% 67.06% 10.45% 77.50% 
Defects (internal) 3 65.67% 96.00% 3.00% 99.00% 
 
WIP inventory was only cited in one case study as having been impacted by the 
implementation of standardised work. Internal defects was cited in three cases, but 
with results dispersed over a range of 96.00% thus showing significant variability. 
Efficiency, although cited in all but one of the cases, also yielded substantially 
variable results. 
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4.4.9 Supplier involvement 
 
 
Figure 4.16 
 
The nine OCA‟s affected by supplier involvement, as displayed above, are: cost of 
quality, material cost, efficiency, inventory, internal defects, raw material inventory, 
cost of the purchasing function, cost of the material control function, and WIP 
inventory. The key descriptive statistics for each of these aspects are as follows: 
 
Operational aspect No. of records Mean Range Minimum Maximum 
Cost of quality 1 2.13% 0.00% 2.13% 2.13% 
Material cost 1 4.00% 0.00% 4.00% 4.00% 
Efficiency 2 16.50% 12.00% 10.50% 22.50% 
Inventory 3 30.00% 30.00% 15.00% 45.00% 
Defects (internal) 1 50.00% 0.00% 50.00% 50.00% 
Inventory (raw) 2 58.25% 16.50% 50.00% 66.50% 
Purch'g function cost 1 60.00% 0.00% 60.00% 60.00% 
Mat Ctrl function cost 2 67.50% 15.00% 60.00% 75.00% 
Inventory (WIP) 1 80.00% 0.00% 80.00% 80.00% 
 
Five of the nine aspects, cost of quality, material cost, internal defects, purchasing 
function costs, and WIP inventory, were only cited in one out of seven case studies 
surveyed. The other four aspects were also only cited twice or three times, but an 
acceptable degree of consistency exists in the results. 
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4.5 CONCLUSION 
 
The survey results were presented in three separate sections for each of the three 
groups of data collected. Descriptive statistics were used to analyse and test all data. 
 
The data reliability and authenticity measures were discussed at the beginning of the 
chapter. It was proven that the inclusion or omission of the subject company name 
had no impact on the documented results. The vocation of the writer, academia, 
practitioner, or consultant, also had no impact on documented results. An acceptable 
level of confidence was reached that all data collected for the study were in fact 
reliable and authentic.  
 
The reliability of the measurement instrument was tested next. Small variations in 
results between Eastern and Western companies were reported, and also between 
companies in the automotive and other industries. Combining both these aspects 
into a single measure helped to identify the survey‟s maximum potential risk: for 
Eastern companies in the automotive industry versus their industry counterparts in 
Western countries.   
 
Finally, the results for use in the impact assessment model were presented. It was 
found that two of the lean tools, kaizen and employee involvement, were never 
applied independently of other tools. They were therefore classified as support tools, 
as opposed to the mainstream, independently executable tools. 
 
The OCA‟s for each lean tool were discussed. The supporting descriptive statistics 
revealed some areas of concern. Many of the OCA‟s were only cited in one or two 
out of a number of cases relating to a specific lean tool. The suitability of including 
such aspects in the LIAM was questioned. Concerns were also raised over the 
variability in some of the results, with some results being dispersed across a wide 
range. This was, however, not a very common occurrence. 
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CHAPTER 5 
 
DEFINING THE OPERATIONAL COST ASPECTS 
 
 
5.1 INTRODUCTION 
 
The OCA‟s affected by lean implementation were identified in chapter 4, as 
established through the historical survey. This chapter will define each OCA, its 
composite costs, and describe a method for calculating the monetary value thereof. 
 
Section 1.5.2 described the categories of operational costs generally used for cost 
classification, namely product costs, period costs and inventory carrying costs. With 
reference to this classification, the OCA‟s identified can be grouped per operational 
cost category as follows:    
 
Cost Category Sub-category Operational Cost Aspect (OCA) 
Product costs Material cost Material cost 
    Airfreight 
  Labour cost Labour cost 
    Headcount 
    Handling/transport 
    Safety (accidents) 
  Machine cost Maintenance cost 
    Energy costs 
  Total variable cost Manufacturing cost 
    Efficiency 
    Set-ups 
    Defects (internal) 
    Defects (external) 
    Obsolescence 
    Yield rate 
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Cost Category Sub-category Operational Cost Aspect (OCA) 
Period costs   Floor space 
    Cleaning cost 
    Cost of quality 
    Purchasing function cost 
    Material Control function cost 
Inventory holding costs   Inventory (total) 
    Inventory (raw) 
    Inventory (WIP) 
    Inventory (FG) 
    Spare parts inventory 
 
Figure 5.1 
 
The OCA‟s will be discussed per cost category in the following sections. 
 
 
5.2 PRODUCT COST ASPECTS 
 
5.2.1 Material cost aspects 
 
5.2.1.1 Material cost 
Horngren, Datar & Foster (2003:39) define material cost as the acquisition cost of all 
materials that end up in the final products that a company sells.  The acquisition cost 
not only includes the purchase price of the material itself, but also the freight-in 
charges and custom duties related to such purchases.  
 
Supplier involvement reduces a company‟s total material cost; therefore the 
monetary value of this OCA is equal to the total material cost for the period under 
analysis when using the LIAM. 
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5.2.1.2 Airfreight 
As described in the previous section, the cost of transporting materials from a 
supplier to the company‟s manufacturing facility is included in the total material cost. 
The more cost-effective modes of transport are by road or rail for purchases from 
suppliers on the same continent, or by sea for purchases from suppliers on other 
continents. The drawback of these modes of transport is that the delivery lead-times 
are generally considerably longer than air transport. Most companies, therefore, 
make use of the more cost-effective means for regular purchases and only make use 
of airfreight in case of emergencies such as out-of-stock situations. 
 
Kanban eliminates out-of-stock situations, thereby abolishing the need to make use 
of airfreight for emergency consignments. The monetary value of this OCA is the 
difference in cost between airfreight and the standard mode of transport; only the 
airfreight premium.  
 
5.2.2 Labour cost aspects 
 
5.2.2.1 Labour cost 
Drury (2004:31) describes direct labour cost as the cost of all labour activity which 
can be traced to a particular product. This would include, for example, the cost of 
workers operating machines or assembling products. Workers in support functions 
such as maintenance or the stores department are excluded from this definition. 
 
Debate exists over the classification of labour fringe benefits. Some writers 
(Horngren et al, 2003:39, Garrison & Noreen, 2003:63) advocate the inclusion of all 
fringe benefits relating to direct labour in the total direct labour cost. Others (Blocher, 
Stout, Cokins & Chen, 2008:57, Smith, Keith & Stephens, 1988:30) are of the 
opinion that such costs should form part of indirect costs, or manufacturing 
overheads. Garrison & Noreen (2003:63) state that the former classification is more 
accurate since the fringe benefits represent an added cost of direct employees‟ 
services. 
 
 
   
Page 68 
  
Since the implementation of 5S reduces direct labour cost, not headcount, the 
exclusion of certain fringe benefits is proposed. Overtime and shift premiums, for 
example, vary with the number of hours worked and will therefore be impacted by 
the implementation of 5S. Employers‟ medical aid and provident fund contributions, 
however, are fixed amounts per employee per month and will not be impacted by 5S 
implementation. 
 
5.2.2.2 Headcount 
The previous section described the total direct labour cost for consideration when 
calculating a reduction in same. A reduction in headcount, however, affects not only 
the variable portion of direct labour cost as described, but the full cost to a company 
of employing its‟ direct labour force. The fixed fringe benefits must, therefore, be 
included in the direct labour cost. The sum of these costs represents the monetary 
value of this OCA. 
 
5.2.2.3 Handling/Transport 
Cellular manufacturing brings about changes to the shop floor layout aimed at 
improving product flow. Machines are generally arranged in closer proximity to one 
another, usually in a U-shape, in order to reduce the distance travelled between 
operations. 5S improves the organisation of the shop floor, placing the most 
frequently used items close to where they are needed, thus reducing the distance 
travelled to and from such items. 
 
During the manufacturing process, a direct operator collects an article from the 
preceding work centre, performs the processing tasks, and passes it on to the next 
work centre. All these actions form part of the direct labour activity required to 
manufacture a product. Quantifying the monetary value of this OCA requires a 
scientific analysis of the manufacturing process to calculate the cost of handling and 
transport of products included in the total direct labour cost. 
 
Companies using standard costing will be able to extract this information from the 
product routings used to calculate product costs. Alternatively, activity sampling will 
yield an approximate percentage that handling and transport activities constitute of 
total direct labour cost. 
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5.2.2.4 Safety (accidents) 
An injury on duty (IOD) often leads to an employee being absent from work for an 
extended period of time. According to the South African Occupational Health and 
Safety Act (OHSA) No.85 of 1993, an employer is obliged to maintain equipment, 
plant and machinery in a safe working condition, complying with all relevant safety 
regulations. Each country has an act similar to the OHSA which prescribes the 
obligations of the employer in terms of workplace safety.  
 
With special emphasis on the financial obligations of the employer, the OHSA 
stipulates that if an employer is found guilty of not having maintained equipment in a 
safe condition, the employer is required to pay an employee his full remuneration for 
the entire duration of his absence from work. Each company who uses the LIAM 
must consult the regulations in effect in their country of operation. The financial 
obligations towards employees injured on duty constitute the total monetary value of 
this OCA.   
 
TPM not only maintains machines in a better-than-new condition, but also improves 
the safety of the working environment. Oil, grease and other spillages from machines 
are cleaned up daily as part of machine operators‟ checklists for minor maintenance. 
5S improves the organization of the shop floor. Items which were previously left in 
undesignated areas now have a dedicated, visually demarcated stow away area. 
This reduces the risk of operators tripping over and bumping into items left in aisles 
and other open access areas.    
 
5.2.3 Machine cost aspects 
 
5.2.3.1 Maintenance cost 
Okamoto (1989:101) outlines the components of maintenance cost relevant for 
measuring the effectiveness of TPM efforts. These are listed below: 
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5.2.3.1 (a) Maintenance expense 
Maintenance expense comprises three sub-components, namely: 
 Material - includes spare parts and consumables. 
 Labour – the total labour cost of all maintenance staff. This includes 
management, artisans, maintenance stores personnel and other 
administrative staff. 
 External service providers – all maintenance costs disbursed to other 
companies. 
 
5.2.3.1 (b) Downtime losses from equipment stoppages 
Downtime losses emanate from the unavailability of equipment due to planned 
maintenance (PM) work and unexpected failures (breakdowns). It adversely affects 
direct labour efficiency insofar as workers are unutilised during equipment 
stoppages. Additional labour costs are incurred to make up for the output lost during 
downtimes. Machines do not incur any variable costs during downtimes other than 
the maintenance expenses described in the previous section.  
 
The level of fixed cost spending will be the same irrespective of the level of activity. 
Fixed costs are referred to as sunk costs in this instance. McWatters, Morse & 
Zimmerman (2001:39) postulate that sunk costs are costs that will be incurred no 
matter what action is taken.  
 
The monetary value of this OCA is therefore equal to the portion of total direct labour 
costs which represent the percentage of direct labour downtime included in the total 
direct labour hours worked.  
 
5.2.3.1 (c) Other losses from equipment failure 
Other losses from equipment failure include: 
 Spoilage losses – Horngren, Datar & Foster (2003:626) describe spoilage as 
partially or fully completed units of production which do not meet the minimum 
quality standards and are either disposed of or sold at reduced prices. The 
monetary value of this sub-aspect is the net of the scrap value of all spoilage 
and the revenue generated from the sale thereof. 
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 Rework costs – the cost of repairing unacceptable quality products in order to 
meet customer requirements and be fit for sale. As with downtime losses, any 
fixed costs associated with the reworks, eg. floor space and equipment 
depreciation, are sunk costs and should be excluded from the total value of 
this sub-aspect. 
 Accidents caused by equipment failure – the costs associated with IOD‟s were 
discussed in section 5.2.2.4. A distinction between IOD‟s caused by 
equipment failure and those caused by other factors will reveal the monetary 
value of this sub-aspect. 
 
5.2.3.2 Energy cost 
Energy includes all utilities such as electricity, gas, steam and water. Energy 
providers often structure the cost of their services to reflect their product and period 
cost components. Electricity providers might have a standard rate per kilowatt-hour 
(kWh), the most commonly used unit of measure, plus a surcharge which covers 
their fixed costs of providing the service.   
 
TPM reduces a company‟s energy usage through reduced equipment stoppages and 
improved performance. It will in no way impact the fixed surcharges from service 
providers. The monetary value of this OCA is therefore the total variable cost of 
energy. 
 
5.2.4 Total variable cost 
 
5.2.4.1 Manufacturing cost 
As mentioned in section 1.5.2, the terms manufacturing costs, product costs, and 
variable costs are used interchangeably to describe this OCA. Manufacturing costs 
are made up of material, direct labour and factory overheads. 
 
5.2.4.2 Efficiency 
Horngren et al (2003:228) suggest that efficiency is a measure of the amount of input 
needed to produce a given output. Efficiency increases either when lower input is 
used to achieve the same output, or when greater output is achieved with the same 
amount of input. 
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5S, autonomation, cellular manufacturing, heijunka, kanban, SMED, standardised 
work, supplier involvement and TPM, all improve the efficiency with which direct 
labour and equipment are utilised. The monetary value of the cost reduction 
attainable on this OCA is equal to the reduction in direct labour and equipment input 
costs after applying the improved efficiency factor. Applying the efficiency 
improvement of 20% afforded by kanban in the following example illustrates the 
calculation steps. 
 
Current labour input cost       (a)       1,000,000 
Current output (at cost)        (b)          500,000 
Current efficiency          (c) (b ÷ a)     50.00% 
New efficiency (20% improvement)    (d) (c x 120%)      60.00% 
New labour input cost (at 60% yield)  (e) (b ÷ d)        833,333 
Monetary value of yield improvement    (a - e)        166,667     
 
5.2.4.3 Set-ups 
Set-ups hamper the efficiency of direct labour and equipment since no output is 
produced during their execution. A reduction in set-up times frees up labour and 
machines to produce the same output in a shorter space of time, i.e. with lower input. 
The monetary value of this OCA is the total cost of the current level of direct labour 
and variable factory overhead inputs, multiplied by the percentage that set-ups 
represent of total labour and equipment input times respectively. 
 
5.2.4.4 Defects (internal) 
Internal defect costs are all the costs resulting from the detection and correction of 
quality problems prior to dispatch to the customer (Drury, 2004:959). The 
components of internal defect costs are: 
 Scrap – the cost of production (COP) of defective units. 
 Rework – the cost of reworking defective units for salvage. 
 Downtime due to quality problems – the method of calculating the monetary 
value of downtimes was discussed in section 5.2.3.1 (b). 
 Retesting – submitting parts to compliance testing after they have been 
reworked. 
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5.2.4.5 Defects (external) 
External defect costs are costs resulting from products not meeting requirements 
after they were delivered to the customer (Drury, 2004:959). The components of 
external defect costs are: 
 Returns – the cost of replacing products returned by customers. 
 Recalls – costs associated with product recalls include communications with 
product users, the cost of repairing defective units and the cost of providing 
users with temporary substitutes or financial compensation for the duration of 
the repair of their products. 
 Warranty repairs – the cost of repairs to products under warranty. 
 Handling customer complaints – general customer service costs. Includes the 
cost of operating a customer service department and offering compensations 
in kind to appease irate customers. 
 
5.2.4.6 Obsolescence 
Horngren et al (2002:238) highlight the fact that obsolete inventory constitutes any 
products for which no consumer demand exists. The monetary value of this OCA is 
the net of the COP of obsolete inventory written off less any possible revenue 
generated from the sale thereof at scrap value. 
 
5.2.4.7 Yield rate 
Yield rate is a measure of material usage efficiency. It measures the relationship 
between the amount of material input to produce a given output (Horngren et al, 
2003:224). The monetary value of the cost reduction attainable on this OCA is equal 
to the reduction in material input cost after applying the improved yield factor. 
Applying the yield improvement of 24.24% afforded by cellular manufacturing in the 
following example illustrates the calculation steps. 
Current material input cost       (a)       1,000,000 
Current output (at cost)        (b)          500,000 
Current yield rate          (c) (b ÷ a)     50.00% 
New yield rate (24.24% improvement)  (d) (c x 124.24%)     62.12% 
New material input cost (at 62.12% yield) (e) (b ÷ d)       804,894 
Monetary value of yield improvement   (a – e)        195,106     
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5.3 PERIOD COSTS 
 
5.3.1  Floor space 
The application of 5S, cellular manufacturing, heijunka and kanban reduce the floor 
space occupied by existing operations. The issue of sunk costs again comes to the 
fore in determining the monetary value of the reduced cost of this OCA. Any one of a 
number of scenarios could apply to a company utilizing the LIAM, each with different 
financial implications. 
 
Companies who own their manufacturing properties have a number of options. A 
company could choose to sell off the existing premises and purchase a smaller 
facility. If the existing property is owned outright by the company, i.e. no finance 
lease exists; this transaction will generate a once-off income equal to the difference 
in sales and purchase value of the old and new properties respectively. 
 
If the existing property is funded by means of a finance lease, selling it and re-
financing the new property will reduce a company‟s monthly lease repayments. In 
both cases the move to a new location will attract the costs of moving and re-
commissioning the entire plant. 
 
Vacated floor space could be let to generate rental income. In this instance the 
monetary value of the cost reduction on this OCA is equal to the rental income 
received in respect of the floor area vacated. Floor area could be kept unoccupied 
with the view of re-occupying same once additional business is secured. This option 
will generate no income and would therefore be reflected as having no beneficial 
impact on operational costs.  
   
Companies who rent their manufacturing facilities also have a number of options 
available. If not contractually bound, a company could reduce the floor area rented, 
or if allowed within the prescriptions of the rental agreement, the unoccupied floor 
area could be sublet to a third party. In the first instance the monetary value of the 
cost reduction on this OCA would be the net of the old and new rental costs, and in 
the second the rental income received for the sublet floor area. 
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Alternatively, as in the case of owned property, the area could be kept unoccupied 
with the view of re-occupying same once additional business is secured. This option 
will generate no income and would therefore be reflected as having no impact on 
operational costs. 
 
5.3.2 Cleaning cost 
5S leads to a more organised work environment which is continuously maintained in 
this state. This significantly reduces the amount and frequency of cleaning needed 
by external service providers and own employees tasked with this function. The total 
cost of these two variables represents the monetary value of this OCA. 
 
5.3.3  Cost of quality 
Proctor (2006:396) arranges the components of this OCA into two main groups, 
namely: 
 Cost of conformance – the costs associated with attempting to prevent poor 
quality products from being produced, and 
 Cost of non-conformance – the consequential costs associated with producing 
poor quality products. 
The sub-components of each of these main groups are discussed in the following 
sections. 
 
5.3.3.1  Cost of conformance 
A further sub-division of this cost sub-component affords a differentiation between 
prevention costs and appraisal costs. 
 
5.3.3.1 (a)  Prevention costs 
According to Drury (2004:959), prevention costs are the costs incurred to establish a 
solid platform for ensuring good quality products. The components of prevention 
costs are: 
 Quality training – the cost of training workers on issues of quality. 
 Supplier reviews – the costs associated with monitoring the quality of supplier 
materials and components. This includes visits to supplier plants and audits of 
their quality systems. 
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 Quality engineering – the product development and process engineering 
functions are responsible for ensuring the quality of the product and 
manufacturing process designs respectively. 
 Preventive maintenance – the total cost of PM‟s includes the spare parts, 
internal labour, external service providers and downtime losses attributable to 
this function.  
 
5.3.3.1 (b)  Appraisal costs 
Drury (2004:959) describes appraisal costs as the costs of ensuring that all 
materials, components and products meet quality specifications. The components of 
appraisal costs are: 
 Costs associated with the inspection of raw materials and components 
purchased from third parties. 
 Costs associated with the inspection of WIP and completed products. 
 Purchase and maintenance costs of testing equipment. 
 Costs associated with conducting quality audits. Quality audits aim to verify 
the degree of compliance with prescribed quality assurance measures. 
 
5.3.3.2  Cost of non-conformance 
Non-conformance costs are also sub-divided into two categories: internal and 
external failure costs. The definitions and cost compositions of these two categories 
were discussed in sections 5.2.4.4 and 5.2.4.5 respectively. 
 
5.3.4  Purchasing function cost 
Ansari & Modarress (1990), as quoted by Handfield & Pannesi (1995:514), discuss 
the effects of involving suppliers in companies‟ lean efforts. Companies who embark 
on this process seek to establish and maintain closer and longer-term relationships 
with their suppliers. Such companies also aim to reduce the number of suppliers to a 
single source per material or component. The administration of fewer supplier 
contracts and other administrative tasks lighten the purchasing function‟s workload 
and expenditure. The total operating cost of the purchasing function constitutes the 
monetary value of this OCA. 
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5.3.5  Material control function cost 
The material control function is, among others, responsible for receiving materials 
and components from outside suppliers into stock and supplying same to internal 
manufacturing areas at the rate of demand. One of the key operational aspects of 
supplier involvement is that suppliers take on the responsibility of supplying materials 
and parts to these areas in the quantities needed, exactly when needed. This 
innovation eliminates the need for material control involvement entirely. The 
monetary value of this OCA is equal to the total operating cost of the material control 
function.  
 
 
5.4 INVENTORY CARRYING COSTS 
 
Carrying excessive amounts of inventory attracts numerous unnecessary expenses. 
Rayburn (1995:478) identifies some of these costs: 
 Increased cost of storage space. 
 Increased insurance and property taxes. 
 Increased cost of handling and transferring inventory. 
 Increased risk of theft, technological obsolescence, and deterioration. 
 Increased clerical costs in maintaining records. 
 Loss of desired return on investment in inventory. 
 Cover up of costly problems in the production process. 
 
The first five costs were discussed in the sections on floor space, material control 
function and obsolescence respectively. Including these items in the monetary value 
of this OCA would be a duplication of the same costs. The monetary value of the last 
item, covering up costly problems in the production process, is near impossible to 
quantify. Problems in the production process could include any number of aspects, 
e.g. poor material yield, low labour efficiency, machine downtime losses and defects, 
to mention a few. Quantifying exactly what percentage of inventory is carried to 
cover for these problems would be extremely difficult to determine.  
 
 
   
Page 78 
  
The second last item, loss of desired return on investment in inventory, needs to be 
considered for this OCA. The item description alludes to the fact that inventory 
represents an investment in working capital. Providers of such funding seek an 
equitable return on their investment.  
 
Investment funds are obtained through a combination of shareholders‟ funds, or 
equity, and borrowings, or debt. The significance of the ratio between these two 
capital sources, called the debt: equity ratio, falls outside the scope of this study. 
What is important to consider is the return required from the respective capital 
providers, namely the shareholders and debt providers. The methods for calculating 
these required return rates are discussed in the following sections. 
 
5.4.1   Cost of debt 
Correia, Flynn, Uliana & Wormald (2000:233) postulate that capital obtained through 
debt generally takes the form of interest-bearing loans. The formula for calculating 
the cost of debt is: 
 
Kd = I (1 – t) 
 
Kd = the cost of debt 
I = the interest rate payable 
t = the company’s marginal tax rate 
 
The interest rate payable is the rate that was negotiated during the attainment of the 
loan. Since interest is a tax-deductable expense, the true cost of debt to a company 
is the after-tax percentage of interest paid. 
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5.4.2  Cost of equity 
The cost of equity contains two elements, namely the cost of acquiring additional 
funding through the issuing of new shares, and the cost of re-investing retained 
earnings in the business.  A company generally only issues new shares if it wishes to 
significantly expand its current operations. For the purposes of this study the cost of 
retained earnings bears relevance. Correia et al (2000:237) discuss two of the most 
commonly used methods of calculating the cost of retained earnings.  
 
5.4.2.1  Gordon growth method 
 
kr =    + g 
 
kr = the cost of retained earnings 
D1 = the expected dividend in the next period 
P0 = the current market price of the share 
g = the expected growth rate in the next year 
 
In this formula the expected dividend is calculated by multiplying the expected 
earnings per share (EPS) for the next year by the dividend payout ratio. Companies 
using this method should be alerted to the main assumption underlying this model, 
namely constant growth. 
 
5.4.2.2  Capital asset pricing model method 
 
kr = Rf + β (Rm – Rf) 
 
kr = the cost of retained earnings 
Rf = the risk-free rate 
β = the beta of the share 
Rm = the return on the market portfolio 
D1 
P0 
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The risk-free rate is generally taken as the rate offered on government bonds 
(Correia et al, 2000:104). The beta of the share is a factor indicating the volatility of 
the share relative to the market. 
 
5.4.3  Weighted-average cost of capital (WACC) 
Once the cost of both sources of capital is known, the WACC is calculated by 
applying the percentages to the capital structure of the company, as reflected in its 
balance sheet. To illustrate, the WACC of a company with R 20 million in long-term 
debt at 12% and R 20 million in shareholders‟ funds at 18% is calculated as follows: 
 
Source of capital 
 
Value 
 
% of Total capital 
 
Cost of capital 
 
WACC 
         
Long-term debt 
 
     
20,000,000  
 
50% 
 
12% 
 
6.00% 
Equity 
 
      
20,000,000  
 
50% 
 
18% 
 
9.00% 
Total capital 
 
      
40,000,000  
 
100% 
   
15.00% 
          
Companies evaluate anticipated returns on investment projects against the WACC. 
The basic principle is that such projects must meet or exceed the required rate of 
return, or WACC, in order to increase shareholders‟ wealth (Correia et al, 2000:271). 
Tying up funds in excess inventories prevents companies from employing those 
funds to earn an acceptable return.  
 
This represents the opportunity cost of carrying excess inventory. McWatters, Morse 
& Zimmerman (2001:37) portray opportunity cost as the forgone opportunity of using 
a resource. The monetary value of this OCA is equal to the opportunity cost of 
carrying excess inventory. The value of inventory will be calculated according to a 
company‟s existing method of inventory valuation, whether it be first-in-first-out 
(FIFO), weighted-average, or standard cost. The same principles are applicable to all 
categories of inventory, whether it is raw materials, WIP, finished goods, or spare 
parts. 
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5.5 CONCLUSION 
 
This chapter focused on describing the nature and composition of the OCA‟s 
identified from the historical survey as being affected by the implementation of lean. 
Methods for calculating the monetary value of each of these OCA‟s were also 
discussed.  
 
Only improvement characteristics to which a monetary value could accurately be 
attached were included in the cost components of each OCA. For example, loss of 
future business is defined in literature as one of the adverse effects of external 
defects. Quantifying such an aspect would, however, be impossible to achieve within 
an acceptable degree of accuracy. 
 
All cost reduction calculations, where applicable, were presented in relation to a 
company‟s current level of production. For example, the maximum cost reduction 
attainable due to yield rate improvement is calculated as the difference between the 
current material cost to produce the current output and the reduced material cost 
after the yield rate improvement to produce the same output. 
 
The final chapter of this study will present the LIAM and discuss the benefits and 
shortcomings thereof. An evaluation of the study‟s success at realising the research 
objectives will be offered. Recommendations will be made for future research to 
enlarge the knowledge gained in this study.    
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CHAPTER 6 
 
THE LEAN IMPACT ASSESSMENT MODEL 
 
 
6.1 INTRODUCTION 
 
The main research problem was identified and discussed in chapter 1. The need 
exists for a uniform model to assess the anticipated relative financial impact of 
implementing each of the lean manufacturing tools on a manufacturing concern‟s 
operational costs. 
 
A set of objectives, or sub-problems, were identified which would enable the solving 
of the main problem. This chapter will review the approach followed to solve each 
objective, and the results achieved. The product of the study, the LIAM, will be 
presented and evaluated. The chapter will conclude with recommendations for future 
research on the topic. 
 
 
6.2 REVIEW OF THE RESEARCH OBJECTIVES 
 
6.2.1 Objective One: What are the tools employed by the lean manufacturing 
methodology? 
 
The first objective was to establish exactly what constitutes the tools of lean 
manufacturing. A literature review was carried out to delineate the components of the 
lean tool box. Commonalities and anomalies were found among the sources 
consulted. Pettersen‟s article (2009) highlighted these incongruities in the drafting of 
an exhaustive list of all the lean concepts referred to in the works of ten of the most 
prominent lean academia.  
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At this juncture it was necessary to draw a distinction between the lean philosophy 
on the one hand and the methodology with its composite tools and techniques on the 
other. Liker (2004:27) clarified the differences between and interrelatedness of the 
philosophy, or „Toyota Way‟, and the lean methodology. Super-imposing Liker‟s 
„Toyota Way‟ principles on Pettersen‟s list of lean concepts not only helped to 
highlight this relationship, but also provided the outcome of this research objective, 
namely an exhaustive list of lean tools.  
 
6.2.2 Objective Two: What are the experienced percentage cost reductions achieved 
through each of these tools, as per documented cases, and which operational cost aspects 
(OCA’s) are affected through their implementation? 
 
The objective was to establish which lean tools would reduce which OCA‟s, and by 
what percentages. The choice of research methodology was critical in ensuring a 
reliable and accurate achievement of this objective. 
 
A historical survey was deemed the most appropriate choice of research instrument 
for a number of reasons. Confidentiality was cited as the biggest deterrent to postal 
or self-administered surveys. Most companies would be hesitant to reveal too much, 
if any, operational cost information since it could compromise their competitive 
positions in industry. The time and costs involved in postal and self-administered 
surveys were the other important determinants.  
 
Measures were taken to ensure the authenticity and reliability of the source data. 
Two aspects were tested, namely: 
 The difference in case results where the company name was specified 
versus cases where the opposite was true. The data analysis revealed that 
the two groups of data yielded similar results. 
 The difference in case results recorded by academia and practitioners 
versus consultants. Again, the data analysis showed no discrepancy 
between the two groups of data. 
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Measures were also taken to ensure the reliability of the research instrument. Again, 
two aspects were tested, namely: 
 The difference in case results achieved by companies in Eastern countries 
versus those achieved by companies in Western countries. The data analysis 
yielded an immaterial difference between the two sets of data. 
 The difference in case results achieved by companies in the automotive 
industry versus companies in other industries. Again, the data analysis 
yielded an immaterial difference between the two sets of data. 
 The overall reliability measure, namely the testing of the above two aspects in 
conjunction, yielded a tolerable overall range of variability of 6.45%.  
 
An analysis of the descriptive statistics for each lean tool‟s OCA‟s revealed some 
areas of concern. A number of OCA‟s were only cited in one out of a number of 
cases relating to a specific lean tool. Also, a high degree of variability was found in 
some data sets, with some results being dispersed across a wide range. These 
issues will be discussed in more detail in the concluding remarks at the end of the 
chapter. 
 
6.2.3 Objective Three: What, according to management accounting theory and Lean 
accounting practice, are the components of these OCA’s, and how can each of their costs 
be quantified? 
 
The most prominent management accounting and lean accounting literature was 
consulted to accurately define the components of each OCA, and the calculation 
thereof. 
 
The monetary values of a number of OCA‟s have been defined as a calculation of 
the opportunity cost associated with the inefficiency of the status quo. For example, 
a reduction in floor space affords a company the opportunity of either letting vacated 
floor area, or moving to smaller premises. 
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Since the aim of this study was to develop a model for evaluating cost reduction 
opportunities, and not to measure the potential for increasing output and related 
sales revenue, all calculations were presented in relation to a company‟s current 
level of production. For example, the maximum cost reduction attainable due to yield 
rate improvement is calculated as the difference between the current material cost to 
produce the current output and the reduced material cost after the yield rate 
improvement to produce the same output. 
 
6.2.4 Objective Four: How can the answers obtained from the above be used to develop a 
commonly applicable model for assessing the anticipated relative financial impact of 
implementing each of the tools of Lean Manufacturing on a manufacturing company’s 
operational costs? 
 
A consolidation of the outcomes of the first three objectives allows for the drafting of 
the LIAM. The lean tools identified (the outcome of the first objective) appear on the 
horizontal axis of the LIAM. The OCA‟s affected (first part of the second objective 
outcome), with the breakdown of their composite costs (outcome of the third 
objective), appear on the vertical axis. The percentage impacts of the lean tools on 
the OCA‟s (second part of the second objective outcome) appear at the intersection.  
 
The monetary value of the percentage impact of a lean tool on an OCA is calculated 
by multiplying the value of the OCA by the lean impact percentage. Aggregating the 
calculated monetary impacts per lean tool allows for a comparison of their relative 
financial impacts. The most and least financially beneficial tools can be identified at a 
glance. From such analyses, an effective lean implementation strategy can be 
formulated, which will maximise the financial benefits.  
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Figure 6.1 
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6.3 CONCLUSION 
 
The usefulness of the LIAM should be evaluated in terms of its intended purpose: to 
assess the relative financial impact of implementing each of the lean manufacturing 
tools on a manufacturing concern. It does not measure the effect of lean on non-
financially quantifiable facets such as customer satisfaction, employee morale, and 
environmental impacts. It does also not provide an indication of which specific lean 
tools would be suitable for inclusion in a company‟s customised lean solution. This 
process of cognitive selection of suitable tools was discussed in chapter 2.   
 
The LIAM should be used in this context when formulating a lean implementation 
strategy. It provides a financial justification for giving priority to the implementation of 
one lean tool over another, all else being equal. It is the responsibility of the 
operations manager in consultation with his direct functional reports to consider all 
factors, not only financial, in drafting a well-balanced implementation strategy. 
 
Although the model does provide an adequately reliable comparison of the various 
lean tools, it does however contain certain shortcomings. Firstly, it ignores the 
principle of the time value of money in calculating its comparative results. According 
to Correia et al (2000:28) this principle is based on the ability of money to earn more 
money. Illustrating this issue with reference to lean implementation: if cellular 
manufacturing implementation is achievable within six months and yields a cost 
reduction of R1 million per annum, but SMED takes two years to implement before 
yielding annualised benefits of R1.1 million, cellular manufacturing  might be 
financially superior after discounting the future cash flows to net present values 
(NPV‟s). 
 
Secondly, as discussed in chapter 4, a number of OCA‟s were only cited in one out 
of a number of cases surveyed. A number of explanations for this phenomenon exist. 
The results could be confined to certain industries applying the lean tool in question. 
It could also be that in such cases more thorough analyses of the financial effects of 
the implementations were conducted than in the others, resulting in such companies 
providing more complete accounts of the implementation effects. Whatever the 
reason, collecting additional data will enable the calculation of more accurate mean 
values, which will improve the accuracy of the ultimate LIAM results. 
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This study was not an exhaustive survey of all available case studies. A pool of 
mainly paid-for electronic journals and cases remained untapped in this study. 
Sufficiently funded future research will enable the gathering of substantially more 
secondary data to strengthen the LIAM. 
 
Conversely, additional research could also reveal more operational cost aspects not 
uncovered in this study. This would further perpetuate the problem of infrequently 
cited OCA‟s. Further research will prove or disprove this hypothesis.  
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Airfreight xx
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Direct labour basic pay xxx
plus:Direct labour variable fringe benefits xx
xxx 20.00%
Direct labour basic pay xxx
plus:Direct labour variable fringe benefits xx
plus:Direct labour fixed fringe benefits xx
xx 76.99% 33.00%
Direct labour basic pay (activity portion of) xx
plus:Direct labour variable fringe benefits (activity portion of) x
xx 94.00% 42.65%
Direct labour basic pay (IOD payouts portion) xx
plus:Direct labour variable fringe benefits (IOD payouts portion) x
plus:Direct labour fixed fringe benefits (IOD payouts portion) x
Machine costs xxx 42.08%
Maintenance expense xx
Spare parts & consumables xx
plus:Labour (total R&M personnel costs) xx
plus:External service providers xx
plus:Downtime losses from equipment failures xx
Direct labour (PM portion) xx
plus:Direct labour (breakdown portion) xx
plus:Other losses from equipment failures xx
Spoilage losses xx
Scrap cost (COP) xx
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plus:Rework costs xx
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Direct labour cost (rework portion) xx
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Direct labour basic pay (equipment IOD's portion) xx
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plus:Direct labour fixed fringe benefits (   "   "   "   ) x
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plus:Gas (variable) xx
plus:Steam (variable) xx
plus:Water (variable) xx
plus:Other xx
Total variable cost xxx 42.88%
Material cost xx
plus:Direct labour cost xx
plus:Machine costs xx
Efficiency (cost reduction calculation per lean tool) 20.00% 52.46% 40.59% 42.55% 38.39% 100% 29.50% 35.85% 16.50%
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plus:Machine input cost xxx
Total input cost (current) xxx
Direct labour output (at standard cost) xxx
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Input cost at improved efficiency (output ÷ improved efficiency) xxx
xxx 53.86% 78.63%
Direct labour cost (set-ups downtime portion) xx
plus:Machine costs (set-ups downtime portion) xx
xxx 67.50% 64.96% 75.00% 80.00% 65.67% 50.00%
Scrap cost (COP) xx
plus:Rework xx
Material cost (rework portion) xx
plus:Direct labour cost (rework portion) xx
plus:Machine cost (rework portion) xx
plus:Downtime due to quality problems xx
Direct labour (quality downtime portion) xx
plus:Retesting xx
Direct labour cost (retesting portion) xx
plus:Machine cost (retesting portion) xx
xxx 57.72% 78.38%
Returns (replacement cost) xx
plus:Recalls xx
Repair costs xx
plus:Communications costs xx
plus:Compensations in kind xx
plus:Warranty repairs xx
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Scrap cost (COP) xx
less:Revenue from scrap sales (xx)
Yield rate (cost reduction calculation per lean tool) 24.24% 100%
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Period costs Period costs 50.00% 40.13% 33.33% 34.67%
Scenario 1 (sell outright-owned property and purchase new): xxx
Selling price of existing property (net of expenses) xxxxx
less:Purchase price of new property (all inclusive) (xxxxx)
less:Relocation expenses (xxx)
Scenario 2 (sell financed property and purchase new): xxx
Finance lease instalment on existing property xxxxx
less:Finance lease instalment on new property (xxxxx)
less:Relocation expenses (xxx)
Scenario 3 (let vacated floor space): xxx
Rental income xxx
Scenario 4 (rent smaller premises): xxx
Rental cost of existing property xxxxx
less:Rental cost of new property (xxxxx)
less:Relocation expenses (xxx)
xx 75.61%
Internal function cost xx
plus:External cleaning service providers xx
xxx 74.03% 2.13%
Cost of conformance xxx
Prevention costs xx
Quality training x
plus:Supplier reviews x
plus:Quality engineering x
Product Development function (activity portion) x
plus:Process Engineering function (activity portion) x
plus:Preventive maintenance xx
Spare parts & supplies (PM portion) xx
plus:Internal labour (PM portion) xx
plus:External service providers (PM portion) xx
plus:Labour downtime (PM portion) x
Appraisal costs xx
Inspection costs (incoming materials) x
plus:Inspection costs (WIP & completed goods) x
plus:Testing equipment costs (depreciation & maintenance) x
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Scrap cost (COP) xx
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Material cost (rework portion) xx
plus:Direct labour cost (rework portion) xx
plus:Machine cost (rework portion) xx
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plus:Retesting xx
Direct labour cost (retesting portion) xx
plus:Machine cost (retesting portion) xx
Defects (external) xxx
Returns (replacement cost) xx
plus:Recalls xx
Repair costs xx
plus:Communications costs xx
plus:Compensations in kind xx
plus:Warranty repairs xx
Repair costs xx
plus:Handling customer complaints xx
Customer service function costs xx
plus:Compensations in kind xx
xx 60.00%
Total function operating cost xx
xx 67.50%
Total function operating cost xx
Inventory carrying costs Inventory carrying costs xxx 23.08% 30.00%
Inventory (total) cost at valuation method(a) xxxx
Weighted-average cost of capital (WACC)(b) xx
Component Cost (%) (c) Value (d) Weight (%) (f) WACC
(d ÷ e) (c x f)
Cost of debt
Kd = I (1 – t) = xx xxx xx xx
Cost of equity
Option 1: Gordon growth method
kr = = xx xxx xx xx
Option 2: Capital asset pricing model method
kr = Rf + β (Rm – Rf)= xx xxx xx xx
TOTAL (e) (b)
xxx 80.00% 58.25%
Inventory raw cost at valuation method(a) xxxx
Weighted-average cost of capital (WACC)(b (as per above) xx
xxx 68.96% 64.60% 50.00% 51.50% 87.17% 25.00% 80.00%
Inventory WIP cost at valuation method(a) xxxx
Weighted-average cost of capital (WACC)(b (as per above) xx
xxx 73.00% 10.00%
Inventory FG cost at valuation method(a) xxxx
Weighted-average cost of capital (WACC)(b (as per above) xx
xxx 50.00%
Inventory spare parts cost at valuation method(a) xxxx
Weighted-average cost of capital (WACC)(b (as per above) xx
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
Inventory finished goods (a x b)
Inventory spare parts (a x b)
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